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Summary 
Enzymes are biological catalysts that serve different functions in the body and 
have attracted a wide range of interest from Hmdamenlal academic research to many 
different industrial applications. The interest of the dair>^  industry in lactose hydrolysis 
has been driven mainly by the fact that more than 70% of the world's population suffers 
from the inability to digest lactose or lactose containing products due to lactose 
intolerance symptoms caused by the lack of p galactosidase activity. In this work various 
immobilized preparations of Aspergillus oryzae p galactosidase have made and these 
preparations have been compared with its free form. Immobilized p galactosidase 
preparations have also been employed for the hydrolysis of lactose from lA i^ey and milk 
in batch process as well in continuous reactors. 
Here, a simple, stable and high yield procedure for the immobilization of 
glycosylated p galactosidase has been developed. In order to minimize the cost of 
processes, we have taken an inexpensive support, calcium alginate. Concanavalin A is 
finding increasing applications as a useful ligand in glycoenzyme immobilization. 
Concanavalin A-p galactosidase complex was obtained by adding increasing 
concentration of jack bean extract 10% (w/v) to soluble p galactosidase. Insoluble 
concanavalin A-p galactosidase preparation was crosslinked by 0..5% (v/v) 
glutaraldehyde for 2 h at 4 °C. Concanavalin A-p galactosidase Complex retained 92% 
enzyme activity. Crosslinking of concanavalin A-p galactosidase complex resulted in a 
marginal loss of 6% enzyme activity. The soluble, concanavalin A complex and 
crosslinked concanavalin A complex of p galactosidase were entrapped into calcium 
alginate beads. Stability of soluble and entrapped p galactosidase preparations was 
compared against various denaturing agents such as heat, pH, urea, calcium ions and 
galactose. Immobilized p galactosidase preparations showed no change in their pH-
optima and temperature-optima, however, there was a remarkable broadening in pH-
activity and temperature-activity profiles as compared to native enzyme. The soluble 
enzyme lost its complete activity after 2 h exposure to 4.0 M urea at 37 °C whereas the 
entrapped crosslinked concanavalin A-p galactosidase complex retained more than 30% 
of its original activity under identical exposure. Entrapped crosslinked concanavalin A-p 
galactosidase complex retained more than 80% of the original activity after incubation 
with 5% CaCb at 37 "C for 1 h while soluble p galactosidase lost nearly half of the 
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original activity. The incubation of soluble p galactosidase with 5% galactose for 1 h at 
37 "C resulted in a significant loss of 70% activity while the entrapped crosslinked 
concanavalin A-p galactosidase complex retained over 60% of the original activity under 
similar exposure. Kiapp values have been calculated which demonstrated that the 
concentration of galactose was inversely proportional to Kiapp value. Entrapped 
crosslinked concanavalin A-p galactosidase complex exhibited significantly very high 
K-iapp value at 1% galactose as compared to other p galactosidase preparations. It 
indicated that entrapped crosslinked concanavalin A-p galactosidase complex was more 
stable and less affected by galactose inhibition. 
The Michaelis constant (Km) and maximum velocity (Vmax) were calculated from 
Lineweaver Burk plots. The Km for soluble p galactosidase and entrapped crosslinked 
concanavalin A-p galactosidase was 2.51 mM and 5.18 mM, respectively, whereas Vnia.x 
for soluble p galactosidase and entrapped crosslinked concanavalin A-p galactosidase 
was 4.8 X 10""* mol/min and 4.2 X lO"'* mol/min, respectively. 
The reusability experiment further supported that entrapped crosslinked 
concanavalin A-p galactosidase complex did not leach out of the gel beads therefore such 
preparation could be exploited for the continuous conversion of lactose from milk or 
whey for longer durations in reactor. The entrapped crosslinked concanavalin A-p 
galactosidase complex retained 93%» activity after 2 months storage at 4 "C, whereas the 
soluble p galactosidase exhibited only 40% activity under identical conditions. Thus, 
entrapped crosslinked concanavalin A-p galactosidase complex was highly stable at 4 °C. 
Entrapped crosslinked concanavalin A-p galactosidase complex was more 
efficient in hydrolyzing greater fraction of lactose as compared to entrapped soluble p 
galactosidase. It was also demonstrated that entrapped crosslinked concanavalin A-p 
galactosidase complex was more efficient in hydrolyzing lactose from whey and milk. 
Nearly 86% and 77% lactose from v*'hey and milk was hydrolyzed after 3 h of incubation 
by entrapped crosslinked concanavalin A-p galactosidase, while 69% and .54% lactose 
was hydrolyzed from whey and milk by entrapped soluble p galactosidase under similar 
experimental conditions. The rate of lactose hydrolysis was seen at different flow rates in 
a packed bed reactor by taking entrapped preparations of soluble p galactosidase and 
crosslinked concanavalin A-p galactosidase. It was seen that the maximum hydrolysis 
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occurred at the flow rate of 10 mL h"' while the hydrolytic rate decreased at 20 mL h'' 
and 30 mL h''. It was due to the residence time of lactose inside the column containing 
entrapped preparations of p galactosidase. 
Alginate as entrapment media has some limitations for the immobilization of 
enzymes such as the problem of substrate and product diffusion in and out of the alginate 
beads. Therefore, an attempt has been made to synthesize a hybrid gel of alginate and 
starch for the purpose of bioaffmity based immobilization of enzymes on the large 
surface area of beads via concanavalin A. The presence of starch in hybrid gel would also 
help in minimizing the cost of the process. Concanavalin A was adsorbed on the surface 
of calcium alginate-starch beads by incubating with jack bean extract. The immobilized p 
galactosidase beads were further crosslinked by glutaraldehyde in order to maintain its 
integrity. Calcium alginate-starch beads retained nearly 76% of the original activity. 
However, crosslinking with glutaraldehyde resulted in a marginal loss of enzyme activity 
and it showed nearly 71% of the initial activity. The temperature-optimum of the 
immobilized p galactosidase shifted from 50 ^C to 60 ^C Immobilized p galactosidase 
retained nearly 65% activity after 5 h incubation at 60 "^C while the soluble enzyme 
showed an insignificant activity of only 2% under identical conditions. Immobilized p 
galactosidase exhibited increased activity on exposure to 5% of MgCL. However, the 
exposure of soluble p galactosidase to 5% calcium chloride for 1 h at 37 V resulted in a 
loss of 52 % its original activity whereas the immobilized p galactosidase retained 61% 
activity under similar treatment. Immobilized p galactosidase exhibited greater 
stabilization against urea induced denaturation and product inhibition due to galactose, p 
Galactosidase immobilized on the surface of concanavalin A layered calcium alginate-
starch beads would be more accessible to its substrate and thus the problem of end 
product inhibition could be minimized when such preparation would be used in reactors 
for the continuous hydrolysis of lactose. Calcium alginate-starch beads surface 
immobilized p galactosidase was more superior in stability on prolonged storage at 4 °C. 
It was noticed that 70% and 89% of lactose was hydrolyzed from whey and 
61% and 79% of lactose was hydrolyzed from milk by soluble and immobilized p 
galactosidase in 3 h and 4 h, respectively in batch process at 32 ^C. Thus the calcium 
alginate-starch beads surface immobilized p galactosidase has been successfully 
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employed for the hydrolysis of lactose from whey and milk in reactors without any 
appreciable loss in its activity. 
The suitability of p galactosidase immobilized on the surface of concanavalin A 
layered calcium alginate-starch beads, as an oral therapeutic agent for the treatment of 
patients suffering from lactose intolerance has also been investigated. The stability of 
immobilized p galactosidase against the conditions of alimentary canal/digestive system, 
such as varying pH, trypsin, pepsin and salivary a amylase were also monitored. 
Immobilized p galactosidase retained 84% and 95% of original activity while soluble 
enzyme showed 52% and 78% of the original activity at pH 3.0 and 5.0. 
The reusability of immobilized enzyme in the buffers of varying pH and in the 
assay buffer also showed that the immobilized preparation was remarkably stable at 
extreme conditions of acidic and alkaline media and digestion by proteases. The effect of 
a amylase activity demonstrated that immobilized p galactosidase had no loss in its 
activity over prolonged incubation with high concentrations of salivary amylase. Thus, 
we have tried to focus on the aspect that if the enzyme immobilized on the surface of 
beads were taken orally as a drug it would greatly help in reducing the problem of lactose 
intolerance. The size of these beads was spherical in shape, thus the area calculated was 
found to be 341.94 X 10"^  cm^ and the volume of the spherical beads was 18.80 X 10"' 
cm"*, which would remarkably help in the hydrolysis of lactose as they can easily reach 
near to the lumen of the small intestine and would help in the hydrolysis of lactose. 
Purified p galactosidase from Aspergillus oryzae was injected into healthy male 
albino rabbits for the production of anti-p galactosidase polyclonal antibodies. Antibodies 
raised against p galactosidase were further purified by ion exchange chromatography. 
The dialyzed protein sample from ammonium sulphate fractionated antiserum was passed 
through DEAE-cellulose column. The fractions contained purified anti-p galactosidase 
antibodies. DEAE-cellulose purified IgG loaded on SDS-PAGE clearly showed two 
bands corresponding to the heavy and light chains of the antibody. The native PAGE 
showed a single band and this result further supported the purity of the purified 
antibodies. Purified anti-p galactosidase antibodies gave a clear precipifin line with the 
purified p galactosidase from Aspergillus oryzae when Ouchteriony double 
immunodiffusion was performed. The IgG isolated were used for the construction of 
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cellulose-anti-p galactosidase immunoaffinity support. Immunoaffinity immobilized p 
galactosidase exhibited high yield of immobilization. The immunoaffinity immobilized p 
galactosidase preparation exhibited a very high effectiveness factor (T]), 0.97. There was 
no difference in pH-optima of immobilized p galactosidase between pH 4.6-5.5, unlike 
the soluble p galactosidase that exhibited activity peak at pH 4.6. Immunoaffinity bound 
p galactosidase exhibited no difference in its activity between 50-60 °C whereas free p 
galactosidase had a temperature-optima at 50 °C. Immobilized p galactosidase exhibited 
significantly very high stabilization to urea and proteolytic digestion, i.e. against pepsin 
and trypsin. The immobilized p galactosidase retained 71% activity when treated with 5% 
calcium chloride for 1 h at 37 °C. Due to product inhibition, soluble p galactosidase 
resulted in a loss of 72% activity after exposure to 5% of galactose for 1 h at 37 °C while 
the immunoaffinity immobilized p galactosidase retained 65% of the original activity 
under similar treatment. After tenth repeated use the IgG-cellulose immobilized enzyme 
preparation retained nearly 46% of its initial activity. Immunoaffinity immobilized p 
galactosidase also retained 80% activity on storage for over 2 months at 4 °C. Thus, 
immunoaffinity bound procedure is reversible and the matrix can be regenerated for 
binding to the fresh batch of enzyme. It could be of great interest in the area of clinical 
analysis of lactose. 
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Review of literature 
1.1. p GALACTOSIDASES 
p Galactositlase (p-D-galactohydrolase, EC 3.2.1.23) is an enzyme that 
hydrolyzes D-galactosyl residues from polymers, oligosaccharides or secondary 
metabolites. The enzyme has two main biotechnological uses; (i) the removal of 
lactose from milk products for lactose intolerant people and (ii) production of 
galactosylated product (Hsu et al., 2005; Neri et al, 2008). p Galactosidase is widely 
used in food industry to improve sweetness, solubility, flavor and digestibility of dairy 
products. It has been used as a model for studying its activity in amorphous matrices 
(Burin and Buera, 2002). Enzymatic hydrolysis of lactose by p galactosidase is one of 
the most popular technologies to produce lactose-reduced milk and related dairy 
products for consumption by lactose intolerant persons (Ladero et al.^ 2000; Jurado et 
al, 2002; Sener et ai, 2006). Lactose is a hygroscopic sugar and has a strong 
tendency to absorb flavors and odors and causes many defects in refrigerated products 
such as crystallization in dairy foods, development of sandy or gritty texture and 
deposit formation (Panesar et ai, 2006). By hydrolyzing lactose with p galactosidase, 
the problems associated with whey disposal, lactose crystallization in frozen 
concentrated deserts and milk consumption by lactose-intolerant individuals can be 
eliminated (Kim and Rajagopal, 2000; Bayramoglu et al., 2007). 
P Galactosidases work in a relatively broad pH range: enzymes from fungi act 
between pH 3.0-4.0, yeast and bacterial enzymes act between pH 6.0-7.0. Depending 
on the natural source where lactose is present, pH values range between 
approximately 4.5 or 5 of acid whey to 6.5 of milk (Ladero et al., 2005). 
These enzymes are classified in the family 2 (GH2) and 35 (GH35). The 
enzymes of GH2 family are predominantly found in microorganisms whereas nearly 
70% of GH35 are present in plants (Alcantara et al, 2006; Anibas et al, 2000; Jacob 
et al, 2000; 2002). a-D-Galactosidases also play an important role in plants and 
animals owing to their ability to separate glucose residues located at the non-reducing 
end of oligo- and polysaccharides, glycosides and various glycoconjugates. They have 
unique specificity, separating a-gaiactose residues, from glycoproteins of blood that 
serve as a marker (Sinnott, 1990). 
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1.2. SOURCES OF p GALACTOSIDASES 
p Galactosidases are found in microorganisms (bacteria, fungi, yeasts), plants 
especially in almonds, peaches, apricots, apples and animal organs (Flood and Kondo, 
2004). The major industrial enzymes are obtained from Aspergillus sp. and 
Kluyveromyces sp. p Galactosidase from Kluyveromyces lactis is one of the most 
widely used enzymes (Zhou and Chen, 2001a; Jurado et al, 2002; Klewicki, 2007). 
1.2.1. p Galactosidases from microorganisms 
1.2.1.1. Fungi 
Fungal p galactosidases generally have acidic pH-optima in the range of 2.5-
5.4 thus they are most effective in the hydrolysis of lactose in acidic products such as 
whey. Fungal p galactosidases are thermostable enzymes; however, they are more 
sensitive to product inhibition mainly by galactose (Boon et al, 2000). Lactose 
induces cellulolytic enzymes in Hypocrea jecorina {Trichoderma reesei) and is 
therefore used to produce cellulases with special emphasis on the degradation of D-
galactose moiety in Hypocrea jecorina and Aspergillus nidulans (Seiboth et ai, 
2007). Filamentous fungi often utilize lactose only at very low rates e.g. for the 
industrial penicillin production by Penicillium chrysogenum. In fungi two principal 
strategies for catabolism of lactose are realized: (i) extracellular hydrolysis and 
subsequent uptake of resulting monomers and (ii) uptake of disaccharides (Pakula et 
ai, 2005). A high level of p galactosidase activity was detected in mycelia of the 
Fusarium oxysporum grown in the absence of thiamine but it did not play a role in the 
hydrolysis of lactose (Roldan et ai, 2008). 
p Galactosidase purified from a culture of Aspergillus oryzae by 2-propanol 
fractionation column chromatography on DEAE-Sephadex A-50 and Sephadex G-200 
showed pH-optima Df 4.5 with ONPG as a substrate and 4.8 with lactose as a 
substrate. The stable pH range was from 4.0 to 9.0 and the optimum-temperature was 
46 °C. The apparent molecular weight (Mr) calculated by Sephadex gel filtration and 
sucrose density gradient centrifugation was about 105 kDa. The Michaelis constants 
were 7.2 X lO"' M with ONPG and 1.8 X 10"^  M with lactose. Hg^\ Cn^\ N-
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bromosuccinimide and sodium lauryl sulfate caused marked inhibition (Tanaka et al., 
1975). 
The three dimensional (3-D) model of the active site of Aspergillus oryzae [3 
galactosidase consists of two glutamic acid residues (highlighted with a space fill 
representation and colored in red) in a groove quite accessible to the solvent (Figure 
1). Three exposed tyiosine residues (Tyr 138, Tyr 201 and Tyr 260, demontrated in 
green) lie within 1.0 nm from the active glutamic acid. Within the same distance no 
arginine exposed residues can be seen. It is reported that binding through 
diazotization of tyrosine residues, protect the active site mere than through binding 
due to condensation (El-Masry et al., 2001a). 
1.2.1.2. Bacteria 
p Galactosidases from bacterial sources are widely used for the hydrolysis of 
lactose because of ease of fermentation, high activity of the enzyme and good stability 
(Picard et al, 2005). Lactic acid bacteria (LAB) which constitute a diverse group of 
lactococci, streptococci and lactobacilli have become a focus of scientific studies for 
three particular reasons: i) lactose maldigesters may consume some fermented dairy 
products with little or no adverse effects, ii) LAB are generally regarded as safe 
(GRAS) so the enzyme derived from them might be used without extensive 
purification and iii) some strains have probiotic activity such as improved digestion of 
lactose (Vasiljevic and Jelen, 2002; Vinderola and Reinheimer, 2003). 
Bifidobacterium is a probiotic organism and its p galactosidase preparations 
are used in foods and food systems, p Galactosidase production by Bifidobacterium 
longum CCRC 15708, Bifidobacterium longum B6 and Bifidobacterium infantis 
CCRC 14633 were first examined with Bifidobacterium longum CCRC 15708 
showing the highest production of p galactosidase and highest specific activity (Hsu et 
a/., 2005). Bifidobacterium sp. together with Lactobacillus sp. are the bacteria most 
applied as probiotics because of their potential health benefits. Bifidobacterium was 
chosen as a model bacterium for studying fermentation of lactose by the colonic 
microbiota (Arunachalam, 2004). 
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Figure 1: The three dimensional (3-D) model of the active site of Aspergillus 
oryzae p galactosidase (El-Masry et at., 2001a) 
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Lactobacillus reuteri is a dominant strain of the hetero fermentative 
Lactobacilli in the gastrointestinal tract of humans and animals. Lactobacilli that are 
isolated from the stomach contents of piglets are used for the production of improved 
fermented milk products. Such Lactobacilli are also present in large numbers on the 
stratified, squamous epithelium of the oesophagea. Porcine strains of Lactobacilli 
would probably be capable of fermenting lactose in bovine milk (Sung et al., 2003). 
These enzymes are also most abundantly present in the colon of human beings. It 
catalyzes the first step of lactose fermentation in colon and is often measured as an 
indication of the capacity of colonic microbiota to ferment lactose present in the 
intestine (Kim and F^ajagopal, 2000; Nagy et al., 2001; Fekete et al, 2002). 
1.2.1.3. Yeasts 
The yeast Kluyveromyces lactis is an important commercial source of p 
galactosidase because its natural habitat is the dairy environment (Kim et al., 2004; 
Tello-Solis et al.^ 2005). The production of p galactosidase by yeast could be of 
interest since this enzyme is largely used by the food -ndustry for the production of 
reduced lactose milk, an outstanding industrial product used by a large number of 
lactose-intolerant people (Pivamik et al., 1995; Rech and Ayub, 2007). 
Lactose fermenting yeasts produce intracellular p galactosidase and these are 
good source of this enzyme (Numanoglu and Sungur, 2004). This enzyme due to its 
huge hydrolytic activity has been used to produce lactose-free milk products. Yeast 
lactases are most active in the buffers of pH 6.0-7.0 (Genari et aL, 2003). 
Kluyveromyces marxianus presents the possibility of producing homologous enzymes, 
such as p galactosidase, as well as heterologous proteins and the capacity of growing 
on different substrates including lactose as the sole carbon and energy source (Furlan 
et al, 2000; Martins et al, 2002; Ribeiro et al, 2007). 
Cold-active acid p galactosidase from psychrophilic-basidiomycetous yeast 
Guehomyces pullulans can be applied to the food industries and the enzyme may help 
in the utilization of industrial p galactosidases for the hydrolysis of lactose in milk and 
whey (Nakagawa et al, 2006). 
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1.2.2. p Galactosidases from plants 
p Galactosidases are widely distributed in plant tissues. These enzymes have 
been involved in a number of biological processes including plant growth, fruit 
ripening and in the hydrolysis of lactose. Molecular approaches were also used to 
uniavel the role of P galactosidases in fruit development and ripening (Li et al., 2001; 
Lopez et ai, 2002). p Galactosidase is present during tomato {Lycopersicon 
esculentum) fruit ripening, a family of seven isoforms of tomato p galactosidase in 
which cDNAs wer<; identified (Smith and Gross, 2000; Dijk et ai, 2006). This 
enzyme has an important role in ripening of persimmons because of significant 
decrease in cell wall galactosyl content and associated pectin degradation that helps in 
the ripening of fruit (Kang et al., 1994). p Galactosidase isolated firom papaya helps in 
the cell wall hydrolysis and in the softening of the fruit during ripening (Lazan et al., 
2004). 
p Galactosidase activity was also found in cell wall proteins of strawberry 
{Fragaria ananassa) fruits in different developmtntal stages. Three full length 
cDNAs (Fapgall, Fapgal2 and Fapgal3) encoding different p galactosidases were 
isolated from a library representing red fruit transcripts. Strawberry fruits undergo a 
marked softening during their ripening and the process is accompanied by the release 
of free sugars (Hadfield, 2000; Trainotti et al., 2001); p Galactosidase activity has 
also been found in the cotyledons of germinated nasturtium {Tropaeolum majus L.) 
seeds and it has been involved in vivo hydrolysis of storage xyloglucan (Edwards et 
al^ 1988). p Galactosidase isolated and purified from Cicer arietinum showed high 
enzyme activity and is used in the hydrolysis of milk in a convenient and cheap way 
(Tu et ai, 1999). The isolation and characterization of p galactosidases from cowpea, 
radish, mung bean, barley, carrot, rice shoots, lupins and kidney beans have also been 
investigated (Konno and Katoh, 1992; Konno and Tsumki, 1993; Buckeridge and 
Reid, 1994; Li et ai, 2001; Biswas el al., 2003). Multiple isozymes of P 
galactosidases have been isolated from apple {Mains domestica), muskmelon 
{Cucumis melo), Japanese pear {Pyrus pyrifoUa) and avocado {Persea americana) and 
their different gaiactosyLhydrolyzing abilities were characterized using native cell 
wall polysaccharides and synthetic substrates (Ranwala et ai, 1992; DeVeau et al., 
\993; Ross etal., 1994; Kitagawa era/., 1995; Tateishi e/c/., 2001). 
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In higher plants, p galactosidase is the only enzyme that is able to hydrolyze 
galactosyl residues from cell wall polysaccharides and no other enzyme capable of 
cleaving p-1,4-galactan in an endo fashion has been identified (Smith et al., 1998). 
Plant p gaiactosidases exhibit significant differences from those isolated from 
bacteria. Bacterial enzymes are generally tetrameric or monomeric and much larger 
than the plant enzymes, which are generally dimeric and much smaller (Flickinger 
and Drew, 1999; Biswas et al., 2003). It has also been reported that the pH-optima of 
the plant enzymes lie in the acidic range while from bacteria show near to the neutral 
range (McGee and Muray, 1986). 
1.2.3. p Gaiactosidases from animals 
p Gaiactosidases have also been reported in several animal cells and tissues. 
Particle bombardment of mouse skin with plasmid vector harboring the 
cytomegalovirus promoter p galactosidase (pCMV-P gai) leads to extensive 
production of p galactosidase, mainly by cells of the epidermal layer. In addition, p 
galactosidase activity was also detected in the draining of lymph nodes (Portugall et 
al, 2004). 
1.2.4. Recombinant 
Recombinant p galactosidase was expressed in Pichia pastoris in a defined 
medium containing metals where magnesium and zinc were both required to support 
cell growth but at significantly reduced levels compared to the control. Product yields 
of the recombinant protein p galactosidase were significantly influenced by the trace 
metal concentrations (Plantz et al., 2007). 
Several recombinant proteins have been successfully expressed using the 6-
integrative systems. Oliveira et al. (2007) constructed a stable flocculent 
Saccharomyces cerevisiae strains producing and secreting Aspergillus niger p 
galactosidase which was used in a continuous bioreactor for the hydrolysis of lactose. 
The yeast oestrogen assay makes use of recombinant yeast cells that has an oestrogen 
receptor expression cassette and a reporter construct, coding for p galactosidase. The 
induction mechanism starts with the binding of oestrogenic compounds to the 
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oestrogen receptor. This complex activates the production of p galactosidase. The p 
galactosidase activity is, thus a measure of the oestrogenic activity of chemical 
compounds (Slepak et aL, 2005). 
The Kluyveromyces lactis LAC4 gene encoding p galactosidase as a reporter 
gene and Candida famata mutant lac4 unable for lactose utilization as a recipient 
strain were used in the recombinant system for the hydrolysis of lactose. The Candida 
famata mutant lac4 was transformed with the plasmid containing analyzable 
promoters fused with the promoter less LAC4 gene. R^-sulting transformants (unlike 
the mutant lac4) were able to hydrolyze lactose as sole carbon source (Ishchuk et al., 
2007). Di Lauro et al. (2008) reported the purification and characterization of 
bacterial p galactosidase from thermoacidophilic bacterium Alicyclobacillus 
acidocaldarius which is a rich source of glycoside hydrolases. The cloning of its gene 
and the expression and the characterization of the recombinant enzyme (Aap-gal) was 
investigated. The recombinant Aap-gal was found to be optically active and stable at 
65 °C. Nguyen et al. (2006) showed the cloning of p galactosidase from Lactobacillus 
reuteri LI03 and its expression in Escherichia coli. Heterodimeric p galactosidase 
from L. reuteri is encoded by two overlapping genes, lacL and lacM (Nguyen et al, 
2007). 
1.3. METHODS OF IMMOBILIZATION OF p GALACTOSIDASES 
Immobilization is defined as the imprisonment of a biocatalyst in a distinct 
phase that allows exchange with, but is separated from the bulk phase in which 
substrate; effector or inhibitor molecules are dispersed and monitored (Mateo et al, 
lO^ldi). Enzyme immobilization has been studied for a number of years which 
indicates a continued interest in this area (Deng et al., 2004; Sanjay et al., 2005; 
Delgado et al, 2006). This is likely due to the known benefits of enzyme 
immobilization and the desire to improve immobilization matrices and methods 
(Shibatane et al, 2000; Girelli and Mattei, 2005). The exact requirements for the 
immobilizing matrix are dictated by the type of enzyme and the intended application, 
the material being non-degradable and compatible with the enzymes. The process for 
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immobilization sliould also be mild enough; so as not to denature the enzyme during 
preparation and bind as much enzyme as possible to the support. 
The immobilization of enzymes is a widely used approach for obtaining 
reusable enzyme derivatives which reduces the high enzyme cost associated with their 
production and purification (Tanaka and Kawamoto, 1999). Immobilization very 
often leads to an enhancement in the resistance of the enzymes against various 
denaturing factors like extreme pH, temperature, high ionic strength, chemical 
denaturants, proteases etc. High immobilization yields, expression of high activity of 
the bound enzyme and stabilization against inactivation mediated by several 
denaturing parameters are some of the important criteria which determine the success 
of any immobilization procedure (Gupta, 1991; Cammarota and Freire, 2006). 
Immobilization of whole cells eliminates the succeeding purification steps and in 
some cases the enzymes are more stable if immobilized within their natural 
environment, the ceL (Genari et ah, 2003; Krajewska, 2004). 
The morphology of the support plays an important role in continuous 
bioprocesses using immobilized biocatalysts (Taqieddin and Amiji, 2004; Milosavic 
et al, 2005). Biocatalysts have been immobilized by using a variety of supports and 
techniques (Palomo et al, 2007). Some polymeric supports have been used in the 
development of the immobilized p galactosidas?s for industrial uses. They offer the 
advantages of high mechanical strength, high density, thermal stability, ease of 
handling, high flow rates in continuous reactors and ease of regeneration. The 
matrices used for enzyme immobilization coupling may be roughly divided into two 
groups; natural and artificial polymers. Natural polymers include alginate, hydrogels, 
chitosan etc. Artificial polymers are acrylamide, polyacrylate, polystyrene etc. 
(Caprio et al., 2000). Figure 2 demonstrates various methods of enzyme 
immobilization. 
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Figure 2: Methods of enzyme immobilization 
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1,3.1. Adsorption 
This method is based on the physical adsorption of enzyme on the surface of 
watei-insoluble carriers. There is little or no conformational change of the enzyme nor 
does destruction of its active center take place. Usually no reagents and only a 
minimum of activation steps are required for the adsorption process. The procedure is 
simple and cheap (Khan et al, 2006; Cunha et al., 2008). 
A variety of support materials have been used for adsorption and 
immobilization of biocatalysts. Some of the adsorbents often used for adsorption 
includes magnetic particles, alumina, amberlite CG-50, bentonite, calcium phosphate 
gels, carbon, carboxy methyl cellulose, carboxy methyl sephadex, collagen, DEAE-
cellulose, DEAE-sephadex, glass, silica gel titania (ceramics). Magnetic particles 
have wide range of applications in the immobilization of cells and enzymes (Tong et 
ai, 2000; Akgol et al., 2001; Liu et al, 2005; Mandal et al, 2005; Amaral et ai, 
2006). 
Chitosan is an ideal support for the adsorption of enzymes because of its many 
features such as hydrophilicity, biocompatibility, biodegradability and anti-bacterial 
properties. In addition to this, chitosan appears to be economically attractive because 
chitin is the second most abundant biopolymer in nature after cellulose (Juang et al, 
2001; Wu et al., 2002). A major disadvantage of chitosan is its complete lack of 
solubility near physiological pH and its limited solubility in water. It requires dilute 
acidic solutions for dissolution. To overcome this limitation, several investigators 
have suggested ionic complexation of chitosan (having a positive charge) with 
alginate (having a negative charge) to form a gel or microcapsule system for protein 
immobilization (Gaserod et al, 1999; Albarghouthi et al, 2000; Anderson et al, 
2001). Thus chitosan-alginate microcapsules were designed to meet the criteria 
specified for an immobilized system. Such a hybrid system provides many advantages 
over the use of chitosan or alginate alone for adsorption of enzyme (Taqieddin et al, 
2002). 
Copolymers based on poly (L-lysine)-g-poly (ethylene glycol) (PLL-g-PEG), 
were found to adsorb spontaneously in an electrostatically driven process onto several 
different negatively charged metal oxide surfaces. The adsorption process was rapid 
and was ultimately limited by the packaging of the PEG side chains at the surface. 
U 
Review of literature 
This surface adsorption process is believed to be of value or use in both the 
biomaterial and biosensor areas (Kenausis et al, 2000) 
Adsorption of proteins on ionic exchangers is one of the simplest used 
techniques for protein purification and immobilization. Adsorption of proteins on 
these matrices requires a multipoint attachment, with several groups of the protein, the 
higher the number of groups in the protein interacting with the support, the higher the 
adsorption strength (Pessela el al, 2004a; Staby et al, 2005). Ionic adsorption of 
proteins on ion exchangers is very rapid, simple and permits the reuse of the support 
after the enzyme inactivation (Torres el al, 2004). 
Immobilization of thermophilic p galactosidase from Thermus sp. has been 
performed via ionic adsorption onto two different supports: a new anionic exchanger 
resin, based on the coating of sepabeads with polyethylenimine (PEI) polymers and 
DEAE-agarose. Immobilization proceeded very rapidly in both the cases and 
sepabeads supports decreased product inhibition and thus complete hydrolysis of 
lactose takes place in dairy products (Pessela et al, 2003). p Galactosidases from 
Escherichia coli and Thermus sp. were purified and reversibly immobilized on 
anionic exchangers by controlling the support and the immobilization conditions. 
Adsorption on very highly activated supports promotes a significant thermal 
stabilization of both p galactosidases, mainly in dissociation conditions (Pessela et al, 
2006). 
The adsorption of large proteins on highly activated supports involves many 
multi interactions yielding a very strong adsorption, p Galactosidase from Thermus 
sp. T2 hardly may be desorbed from highly activated supports, even in the presence of 
1.0 M imidazole. Thus p galactosidase becomes ten-fold more stable than the native 
enzyme. The involvement of large areas of these multimeric enzymes in the 
adsorption process may promote a multi-subunit adsorption with stabilizing effects 
(Pessela e/^/., 2007). 
Immobilization of p galactosidase onto magnetic poly (GMA-MMA) beads for 
hydrolysis of lactose in bed reactor has been developed in which novel magnetic 
beads were prepared from glycidyl methacrylate via suspension polymerizafion in the 
presence of a crosslinker, ethylene dimethyl methacrylate (Bayramoglu et al, 2007). 
Immobilization of p galactosidase from Aspergillus oryzae on colloidal liquid 
aphrons was due to hydrophobic interactions which greatly favors the stability of the 
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free enzyme. Upon adsorption, it was found that the activity of immobihzed p 
galactosidase increased six fold and there was a shift in the pH-optimum of the 
enzyme, with the immobiUzed enzyme showing a broader range and a maximal 
activity at a higher pH (Lamb and Stuckey, 2000). 
p Galactosidase from Kluyveromyces lactis cells adsorbed on cellulose-gelatin 
carrier system was highly stable. Immobilization eliminates the succeeding 
purification steps and also decreased the cost of p galactosidase catalyst in food 
industry (Numanoglu and Sungur, 2004). Adsorption of p galactosidase on surfaces 
such as glass beads, nylon-6, chitosan and bone powder has been used for lactose 
hydrolysis in food industries (Portaccio et aL, 1998; Sheu et al, 1998; Caprio et al, 
2000). 
The adsorption of enzymes onto composites based on covalent coating of 
porous rigid supports with flexible polymers containing a very high density of ion 
exchange moieties has been proposed as a very suitable method for reversible but 
very strong protein immobiUzation (Mateo et al., 2000), 
The adsorption of p galactosidase onto membranes depends on various factors 
such as pH, ionic strength, isoelectric point of the protein, surface and protein 
properties and history dependence of protein-adsorption kinetics (Calonder et al, 
2001). Since the activity of p galactosidase may be significantly reduced or lost 
during adsorption and subsequent release, the adsorbents should be chosen such that 
enzyme is bound firmly with minimum inactivation. However, the main drawback of 
this procedure is that desorption of the protein occurs resulting from changes in 
temperature, pH and ionic strength. This method is non-specific (Noinville et al, 
2002). 
1.3.2. Covalent attachment 
Covalent method is usually a permanent method for the immobilization of 
enzymes. Covalent binding is a stable method by the enzyme carrier bond, which 
prevents elution of protein into the solution. The wide range of choices is possible by 
selecting carrier materials and binding method. This allows a great deal of flexibility 
in designing an immobilized enzyme with specific physical and chemical properties, 
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such as charge distribution, hydrophobic/hydrophilic ratio, spacer arm separation, 
partitioning capabilities, etc. (Mozhaev et ai, 1990). 
The characteristics of the support, reactive groups and immobilization 
conditions need to be carefully selected to be able to involve the maximum number of 
enzyme groups in the covalent immobilization. In fact, it is possible to correlate the 
enzyme stabilization reached with the number of enzyme-support linkages (Pedroche 
et al, 2007). Supports containing epoxy groups seems to be useful to generate very 
intense multipoint covalent attachment with different nucleophiles placed on the 
surface of enzyme molecules (Mateo et al., 2007b). There are several reports of p 
galactosidase immobilized by covalent bond formation on different oxides such as 
alumina, com grits, silica and silicated alumina. A strong dependence of immobilized 
p galactosidase activity was seen on the chemical nature and physical structure of the 
supports. Thus it is possible in giving place to active biocatalysts for the hydrolysis of 
lactose (Siso et aL, 1994; Serio et ai, 2003). 
The selection of suitable immobilization conditions is important to maximize 
tne multipoint covalent attachment. Immobilization conditions should favor the 
enzyme-support reaction. Some of these critical variables are: reaction time, pH of the 
used buffer, temperature, inhibitors or other protein protectors (Mateo et ai, 2002). 
Covalent immobilization can be brought about by diazotization, amide bond 
formation, alkylation, Schiffs base formation, amidation reaction, thiol-disulfide 
interchange, mercury-enzyme interchange (Betancor et al., 2006). 
Immobilization of p galactosidase from Kluyveromyces lactis has been 
performed by covalently binding it on thiopropylagarose (Ovsejevi et al., 2004). 
Immobilization of Lactozym which is a commercially available preparation of p 
galactosidase from Kluyveromyces fragilis was immobilized on cellulose beads by 
covalent attachment via epichlorohydrin coupling chemistry. The immobilized 
preparation could be reused thrice and it can hydrolyze milk lactose upto 60% within 
5 h. Thus it was useful for the hydrolysis of lactose in whey and in the production of 
low lactose milk (Roy and Gupta, 2003). 
Goddard et al. (2007) have reported covalent attachment of p galactosidase to 
surface-functionalized low density polyethylene films while sustaining enzyme 
activity over a wide range of temperature and pH similar to that of free enzyme. P 
Galactosidase from Kluyveromyces lactis was covalently immobilized on cotton 
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fabric which used giutaraldehyde as a crossHnking reagent. The cotton fiber has been 
used as a carrier for the immobilization of f> galactosidase, due to its low cost and 
large surface area per unit mass. This procedure does not involved complex operation 
and expensive equipments. Thus a pilot scale model was set up to hydrolyze lactose at 
an industrial level (Zhou el al., 2003; Li et al., 2007). p Galactosidase from 
Aspergillus oryzae was covalenlly bound to cotton cloth activated by tosyl chloride. 
This immobilized p galactosidase preparation retained 85% of the activity and had a 
half Ufe of 50 d at 50 "C (AJbayrak and Yang, 2002). 
p Galactosidase from Aspergillus oryzae was immobilized via diazotization or 
condensation bound to nylon membranes grafted with glycidyl methacrylate. 
Immobilization via diazotization occurs through tyrosine residues, while 
immobilization via condensation involves multipoint attachment of the enzyme to the 
membrane through arginine residues. It was found that the immobilization via 
condensation strengthens the enzyme structure in contrast to the immobilization by 
diazotization (El-Masry et a/., 2001a). p Galactosidase from Kluyveromyces lactis 
was covalently attached to a polysiloxane-polyvinyl alcohol magnetic (mPOS-PVA) 
composite, using giutaraldehyde as an activating agent. This immobilized p 
galactosidase was quite effective in the hydrolysis of u^ctose from milk (Neri et al., 
2008). The immobilization of p galactosidase on graphite surface has received much 
attention as graphite has been widely used as an enzyme carrier for covalent 
attachment which involves Schiff s base formation between the active groups of 
graphite and the enzyme molecules (Giacomini et al,, 1998; Zhou and Chen, 2001a). 
However, covalent methods are relatively expensive and complicated. 
Covalent coupling of enzymes to solid support is slow. The activity yields may be low 
due to the exposure of the enzyme to harsh enviroiunental conditions. Sometimes the 
active site of the enzyme may be modified through the chemical reactions used to 
create covalent bonding (Serio el a!., 2003). 
1.3.3. Chemical aggregation 
CrossHnking is based on the formation of covalent bonds between enzyme 
molecules, by means of bi- or multi-functional reagents, leading to three dimensional 
crosslinked aggregates. Due to crossHnking very little desorption occurs as the 
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enzyme is strongly bound. Crosslinking is best used in conjunction with one of the 
other methods. It is used mostly as a means of stabilizing adsorbed enzymes and also 
for preventing leakage (Lopez-Gallego et al, 2005a). Crosslinking of p galactosidase 
in order to insolublize it or merely immobilize it in the desired location has many 
possibilities and is relatively cheap. Therefore, the immobilization method must be 
designed to minimize enzyme desorption, to maximize the stability of enzyme on the 
support, and to maximize the access of the substrate to the active site of the enzyme 
(Wu et ai, 2002). 
However, crosslinking may cause significant changes in the active site of 
enzymes and also severe diffusion limitations may lead to significant loss of activity. 
Loss of enzyme activity also occurs during preparation. The most commonly used 
reagent used for crosslinking is glutaraldehyde. Other reagents used for crosslinking 
are bis-diazobenzidine 2, 2', -disulphonic acid, diazobenzidine, N, N'-hexamethylene 
bis-isodiacetamide, hexamethylene diisocyanate etc. (Lopez-Gallego et al, 2005b). 
X.3.4. Entrapment 
Entrapment of enzymes is defined as the trapping of enzymes into the lattices 
of a semi-permeable gel or in a polymeric network of matrices. Entrapment in natural 
gels is one of the commonly used methods for biocatalyst immobilization (Desai et 
ai, 2004; Won et ai, 2005; Wu et ai, 2007). 
Alginate is one of the frequently used polymei.- for the immobilization and 
entrapment of p galactosidases (Lu et ai, 2006). An alginate-chitosan hybrid gel was 
prepared to enhance the stability of alginate beads and to avoid the leakage of 
entrapped material (Gaserod et al, 1999; Won et ai, 2005). Alginate as an 
immobilization matrix is also used in combination with gelatin to entrap Aspergillus 
oryzae p galactosidase. The entrapped enzyme showed good operational stability 
(Tanriseven and Dogan, 2002). 
Calcium alginate-mediated entrapment has attracted much attention for the 
immobilization of enzymes. Some workers have reported that pectin beads were 
significantly more stable than alginate beads (Matto and Husain, 2006; Satar et ai, 
2008). Mammarella and Rubiolo (2005) demonstrated the entrapment of 
Kluyveromyces fragilis P galactosidase in alginate-carrageenan gels beads. The 
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presence of carrageenan had favorable influence on the enzyme catalyzed reaction 
because the gel is formed within K"*" ions, which increased the activity of the enzyme. 
Hydrogels are a class of three-dimensional, highly hydrated polymeric 
networks whose macromolecular properties are similar to the natural extracellular 
matrix (Peppas et al., 2000; Montembault et a l , 2005). One of the recently used 
polymeric hydrogel, polyvinyl alcohol (PVA) has offered several advantages as 
compared to other known matrices. The advantages are low toxicity, mechanical and 
good long-term stability, low biodegradability and no side effects on enzyme 
catalyzed reactions (Parascandola et al, 2006; Rebros ei al, 2006). 
Synthetic polymer, polyvinyl alcohol gel which is used for the entrapment of p 
galactosidase has shown its potential due to mild conditions of preparation, stability, 
biocompatibility, structural strength and diffusive properties (Rossi et al, 1999). P 
Galactosidase from Aspergillus oryzae was entrapped in lens-shaped PVA hydrogel 
capsules, called LentiKats (diameter 3-4 mm, thickness 200-400 ^m) for the 
hydrolysis of lactose (Grosova et al, 2008). 
The nanocomposites of silica gel were prepared by the sol-gel technique in the 
aqueous solutions which has drawn attention to entrap enzymes without their covalent 
bonding to the matrix. The porous silica matrix provides enzyme accessibility to 
external reagents and removal of the reaction products through the pore diffusion 
(Shchipunov et al, 2004). p Galactosidase immobilized by entrapment within Teflon 
membranes grafted with different monomers by means of y-radiations. Nylon 
membranes grafted with similar or different monomers have been used to immobilize 
j5 galactosidase (El-Masry et al, 2001b). 
Entrapment of enzymes in polymeric membranes is one of the most 
advantageous methods because it is rapid and simple. It retained very high enzyme 
activity and requires no chemical reaction which leads to the inactivation of the 
enzyme (Duran et al, 2002). The major limitation is however, the entrapped eruyme 
is prohibited from interaction with large substrate that is unable to diffuse into the 
matrix. Consequentl)' only reactions involving relatively small reactants and products 
may be carried out successfully (Tischer and Wedekind, 1999; Kierstan and Bucke, 
2000; Liang et al, 2000). There are several reports about the leakage of enzymes 
from porous polymeric matrices, calcium alginate gel, poly (vinyl) hydrogel and sol 
gel (Blandino et al, 2000; Veronese et al, 2001; Musthapa et al, 2004). In order to 
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prevent the leaching of enzymes from entrapped gel, a number of attempts have been 
made to increase the molecular dimensions of the enzymes prior to their final 
entrapment. There should be sufficient cavities to accommodate the trapped species 
connected to channels which allow substrates and product diffusion (Wilson et al. 
2004; Betancor et al, 2005). 
1.3.5. Microencapsulation 
Immobilization of biomolecules within mineral hosts has become ; 
challenging approach to design new materials with biotechnological applications. Th( 
microcapsule type involves an entrapment to a semipermeable membrane. Tht 
preparation of enzyme microcapsules required extremely well controlled conditions 
The biopolymer should provide a suitable environment for the microencapsulation of 
enzymes (Uludag et al, 2000; Coradin and Livage 2003). 
The liposome based microencapsulation within an amphiphatic liquid-
surfactant membrane prepared from liquid, usually phospholipids has attracted 
attention. In microencapsulation, lipid vesicles aie carriers for the enzymes, protecting 
the enzymes from getting in direct contact with the substrate. The choice of an 
encapsulation helps in the efficiency and preservation of catalytic activity (Walde and 
Ichikawa, 2001; Monnard, 2003). In such a lipid vesicle assisted lactose hydrolysis 
process, the entrapped enzyme is added to milk and is released into the stomach by 
the presence of bile salts, allowing the degradation of lactose (Kim et al., 1999). 
Liposomes are composed of only amphiphilic layers of lipids which are 
usually not rigid enough for the microencapsulation of enzymes, therefore cholesterol 
layers is also incorporated into lipid bilayers to change liposome's properties. Thus, 
cholesterol layers improve retention of enzymes in liposomes by decreasing the 
bilayer permeability but reduce the concentration of enzymes that can be incorporated 
by reducing polypeptide affinity. The entrapment of P galactosidase in liposomes may 
be useful in order to overcome the shortcoming of the taste of hydrolyzed-lactose 
nnilk and protecting the biocatalysts from inactivation by proteolytic enzymes 
(Betageri and Kulkarni, 1999; Laridi et al, 2003). 
(3 Galactosidase immobilized in liposomes prepared by the dehydration-
rehydration method showed high resistance to proteolysis, retaining about 93% and 
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75% of its initial activity after 6 h and 24 h of exposure to protease. Moreover, 
liposome microencapsulated (3 galactosidase exhibited a remarkable increase in its 
thermal stability (Rodriguez-Nogales and Delgadillo, 2006). p Galactosidase has been 
encapsulated within the reversed micelles, which are formed by mixing the surfactant 
with an organic solvent, e.g. aerosol OT/isooctane reverse micelles and in the 
membrane type, the enzyme is separated from the reaction solution by an 
ultrafiltration membrane, a micro-filtration membrane or a hollow fibre (Chen and 
Ou-Yang, 2004; Chockchaisawasdee et al, 2005). 
A novel alginate chitosan core-shell microcapsule technology has been 
developed for the microencapsulation of p galactosidase (Taqieddin and Amiji 2004). 
The enzyme was immobilized in either calcium alginate or barium alginate core 
surrounded by a perm-selective chitosan shell. Crosslinking of chitosan with sodium 
tripolyphosphate resulted in the phosphate ions diffusing into the calcium alginate 
core and liquefying it. Thus, p galactosidase was immobilized either in a liquid core 
(Ca^ "*^  alginate) or solid core (Ba^ "*^  alginate) microcapsules. The enzyme was 
immobilized and protected in the inner biocompatible alginate core while the outer 
chitosan shell dictated the transport properties. When Ca^ "^  ions used as crosslinking 
agent for the alginate microcapsules, produced 60% loading efficiency, while Ba^ *^  
ions crosslinked alginate microcapsules showed 100% loading efficiency. 
Hydrogels act £ s matrices for the microencapsulation of living cells and for the 
controlled release of pharmaceutically active proteins. For these applications, it is 
often required that the gels degrade under physiological conditions. Many 
crosslinking methods have been developed and are presently available for the 
preparation of hydrogels. However, the crosslinking agents used are often toxic 
compounds, which have been extracted fi-om the gels before they can be applied. 
Moreover, crosslinking agents can give unwanted reactions with the bioactive 
substances present in the hydrogel matrix (Stenekes e' al, 2000; Hennink and 
Nostrum, 2002). 
1.3.6. Bioaffinity immobilization 
The basis of bioaffinity technique is the biospecific interaction between two 
affinity pairs. This technique is not only an efficient method for the determination. 
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isolation and applications of antibodies, antigens, cells, enzymes, proteins, hormones 
etc. but it is also useful for the study of supramolecular structures in relation to their 
microenvironment. Oriented immobilization of various affmity ligands on porous or 
nonporous solid supports can not only provide us with efficient biospecific adsorption 
suitable for a variety of applications, but as well as with models that may be used 
advantageously for studies of chemical processes in the living cells (Turkova, 1999). 
Bioaffmity based methods have several advantages over the other known 
methods used for the immobilization of enzymes. These procedures offered several 
advantages due to their reversibility; lack of chem^c^l modification and usually 
accompanying an enhancement in stability. This method is also significantly useful 
for the immobilization of enzymes directly from the crude homogenate and thus 
avoiding the high cost of enzyme purification (Akhtar et al., 2005). Thus, higher 
enzyme activity is preserved since no modification/distortion of the enzyme active 
site occurs. Also, as the active site is blocked less by matrix, the steric accessibility 
allows more free access for the incoming substrate and outgoing products (Dalai and 
Gupta, 2007). 
Fraguas et al. (1999) reported the bioaffmity adsorption of Aspergillus oryzae 
p galactosidase on concanavalin A (Con A)-Sepharose. The low cost of Con A-
Sepharose and the fact that the carrier can be reused makes it more convenient, 
cheaper and more practical solid phase than other supports. It can be successfully used 
to hydroiyze lactose; about 60% of lactose was hydrolyzed after 5 h in batch process. 
Thus, this reversible strategy resulted in high enzyme activity for the immobilized 
protein and a simple, reproducible method for the recovery of the adsorbent. 
Immobilized metal affinity chromatography (IMAC) is a separation technique 
that uses covalently bound chelating compounds on solid chromatographic supports to 
entrap metal ions, which serve as affmity ligands for various proteins, making use of 
coordinative binding of some amino acid residues exposed on the surface. Although 
compared to other affinity separation technologies it cannot be classified as highly 
specific, several amino acids especially histidine, lysine, cysteine, proline, arginine 
and methionine are susceptible to metal-catalyzed oxidation reactions that produce 
highly reactive radical intermediates which can damage a variety of proteins (Porekar 
and Menart, 2001). 
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A strategy to selectively adsorb large proteins on IMAC supports is reported 
by Pessela et al (2004b) for purifying p galactosidase from Escherichia coli by using 
a single chromatographic step. New immobilized IMAC matrices containing a high 
concentration of metal-chelate moieties, completely coated with inert flexible and 
hydrophilic dextrans are reported to improve the puriPcation of polyhistidine (poly-
His) tagged proteins. The purification of p galactosidase from Thermus sp. strain T2 
has been used for this purpose. In this way, desorption of the pure enzyme from the 
support may become quite difficult, the enzyme is not fully desorbed from the support 
even using 200 mM of imidazole (Mateo et al., 2001). 
Thus, affinity binding offers very mild, controlled adsorption of biocatalysts 
onto the supports and is likely to be a continuing value for the immobilization of 
delicate biocatalysts. It is also gaining increasing acceptance in construction of 
sensitive enzyme based devices, separation techniques as well as for other 
applications. The oriented immobilization of antibodies on solid-phase materials has 
also been used in many areas such as purification, diagnostic immunoassays and 
immunosensors (Lu et al., 1996; Nisnevitch and Firer, 2001). 
1.4. APPLICATIONS OF IMMOBILIZED p GALACTOSIDASES 
Enzymes are biological catalysts that serve different functions in the body and 
have attracted a wide range of interest from fundamental academic research to many 
different industrial applications (Pierre, 2004; Hartmann, 2005; Kallenberg et al., 
2005). The immobilized enzyme retains the basic biochemical activity of the free 
catalyst while taking on the physical characteristics of the support. Applications of 
native enzyme was limited in industrial processes as regard to the problem of its 
instability and rapid losing of its catalytic activity during the operation and storage 
periods which may be resulted due to autolysis effect/protein unfolding or 
aggregation. The removal of enzyme from the reaction mixture was also difficult 
which causes contamination of product (Szczodrak, 2000; Xi et al., 2005). 
Immobilized enzymes have been mostly used in the production of food, 
pharmaceuticals and other biologically important fine products (Bayramoglu et al., 
2004; Kang et al., 2006; Bayramoglu el al., 2007). Enzyme reuse provides a number 
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of cost advantages that are often an essential prerequisite for various applications in 
industries (Tischer and Kasche, 1999; Norouzian, 2003). 
1.4.]. Industrial applications of p galactosidases 
Enzymatic hydrolysis of either milk/whey or pure lactose has been 
accomplished in various reactors of different configurations, under varying operating 
conditions of temperature and pH (Table 1). Since the cost of enzyme is the most 
important factor that determines process economy, only continuous systems that 
involve the reuse of a single batch of enzyme can be considered (Albayrak and Yang, 
2002). Technically feasible processes include the direct addition of soluble enzyme, 
recycling of the soluble enzyme membrane processes; or use of immobilized 
enzymes. An inexpensive batch processing using in-house production of crude 
enzyme preparations could make manufacturing of lactose hydrolyzed products 
feasible even for smeller dairy plants CVasiljevic and Jelen, 2001). But immobilization 
of p galactosidase offers numerous advantages over free fonn in choice of batch or 
continuous processes, rapid termination of reactions, controlled product formation, 
ease of enzyme removal from the reaction mixture and adaptability to various 
engineering designs (Matioli et al., 2003; Li et al., 2007). 
Reactors containing immobilized p ge'actosidase have been extensively 
studied as a critical point in the industrial production of lactose free milk and whey. 
The enzyme reactors mainly used in lactose hydrolysis includes enzyme-membrane 
systems, fluidized-bed reactors, hollow-fiber reactors, packed-bed reactors, and 
stirred-tank reactors (Ganesh et al., 2000; Bodalo et al, 2001; Albayrak and Yang, 
2002; Carrara et al, 2003; Ozdural et al, 2003; Jurado et al, 2005; Novalin et al, 
2005). Presently in commercial applications lactose hydrolysis is commonly carried 
out in stirred-tank reactors using free and immobilized p galactosidase with batch 
operation mode (Li et al, 2007). 
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Table 1: Hydrolysis of lactose under different operating conditions of p 
galactosidnsc 
Source of p 
galactosidase 
Kluyveromyces 
lactis 
Escherichia 
coli 
Kluyveromyces 
marxianus 
Kluyveromyces 
Fragilis 
Thermophilic 
.{Thermus sp. 
T2) 
Escherichia 
coli 
Kluyveromyces 
fragilis 
Kluyveromyces 
fragilis 
Lactobacillus 
strains 
Source of 
lactose 
Skimmed 
milk 
Pure lactose 
200 mM 
Milk 
Milk and whey 
No\ 0 buffer 
(50 gL-*) 
Milk buffer 
(50 gL-') 
Milk buffer 
(50 gL-') 
Milk buffer 
(50 gL-') 
Milk 
Operating 
conditions 
pH 6.5, 25 °C, at 
the end of 120 
min, batch 
process, stirred 
conditions. 
pH 7.0, 35 °C 
hydrolysis of 
lactose in bed 
reactor. 
pH 6.7, at the end 
of 30 min, with or 
without 
sonication. 
pH 6.6, 30 'C, at. 
the end of 30 min 
in CBM and 
FBM. 
pH 6.5, 50 °C, at 
the end of 30 min 
in batch reactor 
pH7.0,40''C,300 
rpm, at the end of 
30 min in batch 
reactor. 
pH 7.0,40 °C, 300 
rpm, at the end of 
30 min in batch 
reactor. 
pH 6.5, 40 °C, at 
the end of 30 min 
in a batch reactor. 
37 'C, pH 6.5, at 
the end of 16 h in 
sonicated milk 
fermentation. 
Percent conversion 
90% hydrolysis of 
lactose. Enzyme 
cone. lOmgmL- . 
Enzyme cone. 3150 
U. Flow rate of 20 
mL K ' for 60 h, 
complete hydrolysis. 
90% with sonication 
and 84% without 
sonication. Enzyme 
cone. l.OmgmL-'. 
Whey lactose: 94% 
in FBM, 80% in 
CBM. Milk: 7% in 
FBM. 
15% at enzyme cone. 
of60mgmL-'. 
12% and 7% at 
enzyme cone, of 7.0 
mg mL-' and 3.5 mg 
mL-' 
37% and 17% at 
.^nzyme cone, of 
9.45 mg mL-' and 
4.75 mg mL"' 
67%, 52%, 37% and 
10% at enzyme cone, 
of 11.7, 7.0, 5.7 and 
2.3 mg mL-' 
70% at 5% starter 
culture of 
Lactobacillus 
delbrueckii subsp. 
Bulgaricus B-5b. 
Reference 
Neri et al., 
2008. 
Bayramog 
lu et al., 
2007. 
Sener et 
al., 2006. 
Roy and 
Gupta, 
2003. 
Pessela et 
al., 2003. 
Ladero et 
aL,200\. 
Ladero et 
al, 2000. 
Santos et 
ah, 1998. 
Wang and 
Sakakibara 
,1997. 
. _ 
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In a membrane bioreactor (MBR), biocatalyst is confined in a well-defined 
region of space by means of a selective membrane, or immobilized by adsorption or 
entrapment within the membrane itself (Diano et al.y 2004; Curcio et ai, 2006). MBR 
for lactose or whey 'lydrolysis, practically involve the use of a thermostatic stirring 
vessel that provides the space and time for hydrolysis, the content of which is 
continuously circulated towards an ultrafiltration module. The use of MBR as 
continuous systems for the hydrolysis of lactose (whole milk/cheese whey) is an 
effective technique. Both lactose conversion and recovery of high Mr proteins can be 
accomplished in a single step and the hydrolysis of lactose has been carried out using 
p galactosidase immobilized in MBR (Tragardh, 1991; Giomo and Drioli, 2000). The 
main advantage of this configuration is the possibility' to work with fi-ee enzyme in 
homogeneous solutions with its substrate, thus fully exploiting its native kinetic 
properties. The major disadvantages of this configuration are the increased risk of 
microbial contamination, especially during prolonged operation times at ambient 
temperatures and the clogging of ultrafiltration membranes with milk proteins. These 
drawbacks can at least partially be eliminated by operating the system at relatively 
high temperatures and by using deproteinated substrates such as whey permeate 
(Hatzinikolaou et al., 2005). 
Continuous reaction and simultaneous separation of products from the reaction 
mixture can be achieved with a continuous membrane recycle reactor (CMRR) (Prata-
Vidal et a/., 2001; Guadix et al, 2006). In spite of these important advantages, a 
number of drawbacks of CMRR must be pointed out: permeate flux decline due to 
membrane fouling and frequent purges are required to eliminate non-reacting 
substrate which involves some difficulties in-the control (Giomo and Drioli, 2000; 
Rios et al, 2004). In order to profit from the advantages of both batch and membrane 
recycle reactor, a membrane reactor operating in a cyclic batch mode for the 
production of a reduced-antigenicity protein hydrolysate has been developed (Prieto et 
al, 2007). 
Fluidized-bed (FB) reactor was used to hydrolyze lactose present in milk whey 
and whole milk by p galactosidase immobilized on cellulose beads (Roy and Gupta, 
2003). But lactose conversion could not proceed beyond the point of 60% in whole 
milk due to presence of fat that impair the performance of FB. FB reactors are suitable 
when substrates are viscous or particulate as these reactors produces less pressure loss 
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and a more uniform distribution of the flow through the axial section of the reactor. 
Furthermore, mechanical stirring is not necessary and the support is not damaged by 
impact with the impc'ller (Bodalo et ah, 1995). 
The use of hollow-fibre (HF) modules as a catalytic bioreactor is growing due 
to the advantages that these HF reactors present, such as the high membrane surface: 
volume ratio and th ;^ high density of catalyst that these reactor systems allow in a 
small reactor volume (Calabro et ai., 2002). The recovery and reuse of the 
immobilized (3 galactosidase from the reaction mixture and the possibility of 
integrating catalytic conversion, product separation and enzyme recovery in a single 
operation can be achieved (Prazeres and Cabral, 1994). For the reuse of the p 
galactosidase in the HF bioreactor, the enzyme is usually immobilized by physical or 
chemical binding to the membrane or by physical retention in the lumen or in the 
extra capillary space (Salzman et ai, 1999; Knezevic et cl, 2004; Jurado et al., 2006). 
Packed-bed reactors (PBRs) have been widely used for the hydrolysis of 
lactose from immobilized p galactosidase (Zhou et ai, 2003). PBRs has the 
advantages of a higher average reaction rate compared to the continuous stirred tank 
reactors because (i) the inhibition effect decreases due to the low difference between 
substrate and product concentrations in the reactor and (ii) the enzyme loss is reduced 
due to the absence of collisions between biocatalyst particles and impeller and liquid 
shearing. It is also easier to operate besides offering higher efficiency and conversion 
rates (Mammarella and Rubiolo, 2006). Immobilized p galactosidase from Bacillus 
circulans offered several advantages such as improvement of enzyme stability and the 
continuous operation in a PBR (Hernaiz and Crout, 2000). Li et al. (2007) showed 
that the hydrolysis of lactose in whole milk was performed in a 10 L PBR using 
immobilized enzyme. Cotton fibre was applied as the carrier that was cheap and has a 
large surface area per unit mass; the immobilized procedure does not involve complex 
operation and expensive equipments. Thus this could be easily employed at industrial 
scale for large scale hydrolysis of lactose (Zhou et al., 2003). 
A tapered column reactor (TCR) narrower at the bottom and wider at the top, 
with continuous up flow has been developed as an effective bioreactor for a wide 
variety of applications. In this reactor, the superficial liquid velocity decreases with 
the height. Therefore a tapered column behaves as a FB at the bottom and as a fixed 
bed at the top. It has been successfully used in affinity purification, ethanol 
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fermentation and waste water treatment. Novel bioparticles based on perfluorocarbon 
(PFC) droplets were prepared and p galactosidase from Escherichia coli was 
uniformly immobilized on the surface of PFC droplets. There was not any problem of 
non-uniform distribution of enzyme and internal diffusion resistance of the substrate. 
Thus, TCR showed high percent of hydrolysis of the substrate owing to better mass 
transfer and plug flow conditions (Yang et ah, 1998). 
Batch hydrolysis of lactose in milk and whey is the traditional procedure and 
is simple and easy to control. However, there are several disadvantages with respect 
. to batch hydrolysis mainly related to high enzyme and labor costs (Rios et aL, 2004). 
p Galactosidase immobilized onto highly activated supports allows working 
continuously and reusing the enzyme so that the global yield is improved if compared 
to batch procedure. Since there are loss of enzyme activity and constrains for 
diffusion into the support, the use of this technique is limited (Lamas et ai, 2001; 
Sousa et ah, 2004; TardioU et aL, 2005). 
The biocatalyst preparation and the bioreact.^r configuration offer some 
advantages compared with the conventional methods because it allows a higher 
concentration of biomass to be immobilized and a larger surface area per unit mass. 
Such a system is useful for hydrolysis of whey/milk lactose to give a more 
fermentable substrate (Genari et ai, 2003), 
I.4.Z. Biotechnological applications of p galactosidases 
Enzymatic hydrolysis of lactose is an important biotechnological process 
because the hydrolyzed products can be consumed by lactose maldigesters (Jurado et 
aL, 2004). The choice of lactose hydrolysis process depends primarily on the enzyme 
characteristics and the economics encompassing the production, storage and 
marketing of the product (Mahoney, 1997). The hydrolysis of lactose in milk and 
whey also depends on the activity of p galactosidase which in turn depends on the 
amount of enzyme, reaction conditions such as pH, temperature, processing time and 
on acoustic power and duty cycle rate in the case of ultrasonic treatment (Sener et aL, 
2006). 
Lactose can ah;o be hydrolyzed by free or immobilized p galactosidase to its 
basic constituent, galactose and glucose (Rejikumar and Surekha, 2001; Vasiljevic 
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and Jelen, 2003). However, these methods face the problem that the hydrolyzed-
lactose milk has a sweeter taste than whole milk (Ladero et ah, 2002). The 
immobilization of p galactosidase in liposomes may be useful in order to overcome 
the shortcoming of the taste of hydrolyzed-lactose milk. In such process, the 
entrapped enzyme is added to milk and is released into the stomach by the presence of 
bile salts, allowing an 'in situ' degradation of lactose (Kim et ai, 1999; Walde and 
Ichikawa,2001). 
p Galactosidases from thermophile microorganisms have natural built-in 
stability to temperature and other inactivation agents and could be useful both in 
solution and immobilized form in food industries, allowing for a simultaneous soft 
thermal treatment and the low hydrolysis of lactose (Ladero et al, 2003; 2006). 
Thermophilic p galactosidases represent a very useful alternative to the mesophilic 
enzymes in terms of stability. It could be used in the industrial processing of dairy 
products along with heat treatment to sterilize the product. The enzymatic treatment 
of these kinds of materials at high temperatures has a number of generally recognized 
advantages in the industry, such as the lowering of microbial contamination (Pessela 
e/tf/.,2003). 
Cold-active p galactosidase, which hydrolyzes lactose to its basic components, 
is one of the impor:ant food-industrial enzymes (Karasova-Lipovova et al.y 2003; 
Nakagawa et ai, 2003; Turkiewicz et al., 2003; Cieslinski et al., 2005). 
In biotechnological processes, ultrasonication method is widely used for 
laboratory scale and it does not require sophisticated equipment or extensive technical 
training. The structure and function of biological molecules can be changed by the 
ultrasound irradiation. Therefore, the level of intensities of ultrasound plays the major 
part in the activity or inactivity of many enzymes. The activity of free p 
galactosidases increased under mild ultrasound irradiation (Wang and Sakakibara, 
1997; Ozbek and UIgen, 2000). 
The use of whole cells as a source of p galactosidase has been found an 
interesting alternative for the lactose hydrolysis but a major drawback in the use of 
whole cells is the poor permeability of the cell membrane to lactose (Joshi et aL, 
1987). The use of permeabilization technology can overcome this problem and be 
helpful in the development of a low-cost technology for the hydrolysis of lactose. 
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Thus permeabilization technology was appHed for the production of lactose-
hydrolyzed milk using yeast cells (Lee et al., 2004; Panesar et al, 2006). 
Dairy whey is a contaminant product with a high organic chemistry demand 
and after hydrolysis it may be used as cattle food resources and in the food industry 
for development of new products with no lactose content (Ladero et al.^ 2000). 
Cheese whey is a highly polluting product, consisting of 0.7% protein, 5% lactose, 
93% water and salts. This organic waste could be usea as a cheap, readily available 
substrate for microbial cell cultivation after the hydrolysis of lactose by p 
galactosidase (Szczodrak, 2000; Rech and Ayub, 2007). Whey proteins (such as a 
lactalbumin) have excellent functional properties, which can be recovered by 
ultrafiltration and hydrolyzed to produce many useful pharmaceutical intermediates, p 
Galactosidase can be employed directly to the cheese whey/permeate stream resulting 
in high sweetness syrups that can be used as additive in ice-creams, desserts, etc 
(Phadtare et al., 2004). In addition, several studies demonstrate the opportunity to 
degrade whey lactose using p galactosidase for lactose hydrolyzed products (Bury and 
Jelen, 2000; Samey et al., 2000; Cote et al, 2004). 
1.4.3. Medical applications of p galactosidases 
The interest of the dairy industry in lactose hydrolysis has been driven mainly 
by the fact that more than 70% of the world's population suffer from the inability to 
digest lactose or lactose containing products due to the lactose intolerance symptoms 
caused by the lack of p galactosidase activity in the mucosa of the small intestine (Lee 
and Krasinski, 1998; l^ogales and Lopez, 2006). 
The prevalence of lactose intolerance varies from <5% to almost 100% 
between different populations in the world (Figure 3). Low prevalence has been found 
in populations of European descent, with the lowest figures in people living in 
northwestern Europe. There is an increase in the prevalence as one moves south and 
east, rising to approximately 50% in southern Europe. In general, the frequency is 
high outside Europe, with the highest prevalence in far-east Asia. However, 
exceptions occur, e.g. milk-dependent nomads in the Afro-Arabian desert zone 
(Swallow, 2003; Ridefelt and Hakansson, 2005). 
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Figure 3: Distribution of lactose intolerance in different populations of the 
World (Wikipedia) 
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Lactose is the dominant carbohydrate in milk, which is the only significant 
natural source of lactose. It is found in the small intestine and localized to the tips of 
the villi in human beings. The inability to completely digest lactose, the major 
carbohydrate found in milk by the human population is termed as lactose intolerance 
(Montalto el al., 2006; Thompkinson and Kharb, 2007). Intestinal digestion of lactose 
involves breakdown of lactose into glucose and galactose by membrane bound lactase 
located on the brush border of the small intestine. The resulting monosaccharides are 
absorbed into the portal circulation. In people with lactose maldigestion, a portion of 
lactose is not digested in the small intestine; it passes into the large intestine where it 
is fermented by colonic microflora. The fermentation produces short chain fatty acids 
and gases, including H2, CO2 and sometimes methane (Wang ef al., 1998; Pribila et 
al, 2000; Wilson, 2005). 
The symptoms of lactose intolerance are abdominal pain and distention, 
abdominal colic, diaiThea and nausea (Cappello and Marzio, 2005). Lactose 
intolerance is diagnosed by some of the common tests such as lactose intolerance test 
where the doctor measures the blood sugar levels before and after drink containing 
lactose, if the blood sugar raises then the person is not lactose intolerant. The breath 
test which is perfomed after drinking lactose concentrated drink; the breath is 
analyzed for the H2 gas, which is only present when lactose is fermented (Rizkalla et 
al, 2000; Vonk et al, 2000; Kerber et al, 2007). The thh-d test is the analysis of a 
sample from the lining of the small intestine obtained during an endoscopy, which 
involves inserting a small tube into the stomach (Suarez et al, 1995; Nilsson et al, 
2004; Rasinpera et al, 2004). 
A suitable, economically feasible process for lactose hydrolysis may eliminate 
all the problems related to lactose intolerance mentioned above. Lactose hydrolysis in 
milk and other dairy products is achieved by acidic or enzymatic process. The use of 
enzymes allows milder conditions of temperature and pH. Unlike the enzymatic 
method, the acidic method causes several problems such as protein denaturalization 
which can be present in lactose solution, a brown color production in the solution and 
yield of undesirable by-products. Chemical hydrolysis can form toxic substances like 
lysino-alanine (Sinha et al, 2007). Therefore, the enzymatic process of hydrolysis of 
lactose to glucose and galactose is catalyzed by p galactosidases which are widely 
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found in nature, appearing in microorganisms, plants and animal tissues (Sener et al, 
2006). 
Low p galactosidase activity has been demonstrated in HIV-infected patients. 
It is possible that lactose malabsorption may be responsible for some of the intestinal 
symptoms. Lactose malabsorption has been reported in adult patients with various 
stages of HIV infection by hydrogen breath test (Heise et al, 1991; Corazza et al, 
1997). 
A recent study has shown that short-term treatment with rifaximin reduces the 
curve of excretion of H2 in patients suggesting a potential beneficial effect in patients 
with lactose intolerance (Stefano et ai, 2000). It was shown that a 10 d therapy with 
rifaximin at 800 mg/d reduces symptoms score and nomalizes the breath H2 curve in 
lactose intolerant patients (Cappello and Marzio, 2005). 
1.4.4. Analytical applications of p galactosidases 
Quality control of milk and its derivative is a very demanding field and the 
rteed for sensitive, time-saving and accurate analytical methods to be developed is 
very important for the hydrolysis of lactose present in milk and whey. The various 
low and high cost analytical methods used for lactose analysis are mass spectrometry, 
nuclear magnetic resonance spectroscopy, polyacrylamide gel electrophoresis (PAGE) 
and high performance liquid chromatography (Cataldi et ai, 2003). Milk contains a 
lot of different components with their own functional properties such as casein, 
lactose, milk fat and whey. Lactose is the chatracleristic carbohydrate of bovine milk, 
present at approximately 4.8% (w/v) (Audio et ai, 2003). 
p Galactosidase has been covalently immobilized onto gold-coated 
magnetoelastic film via a self-assembled monolayer of w-carboxylic acid alkylthiol. 
Use of magnetoelastic transduction allows for wireless monitoring of enzymatic 
activity through the associated changes in the frequency and amplitude of magnetic 
fields. The methods developed within this work allow for the fabrication of wireless 
enzyme sensing systems, which can also be used as another means for screening of 
any biological processes involving the precipitation of analyte species (Ball et a/., 
2003). 
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P Galactosidase immobilized by solid-phase method, continues to be the focus 
of interest in both analytical and process technology. Direct attachment of fragile 
biomolecules to mechanically stable, rigid particles of polystyrene or other polymeric 
carriers may be attractive for the design of fast flow chromatographic sorbents. The 
enzyme has many analytical uses, being a favourite label in various affinity 
recognition techniques such as enzyme linked immunosorbent assay (ELISA) (Manta 
etal.,200^). 
1.4.5. Other applications of p galactosidases 
Biosensors are important tools in a variety of fields including immunoassays, 
toxicology analysis, forensics, drug screening, gene expression analysis, gene 
identification, agro diagnostics and pharmacogenetics (Huang et al., 2002; Levicky 
and Horgan, 2005). 
They play an important role in addressing the accurate characterization of 
emerging human health challenges and in accomplishing environmental analysis 
(Kumbhat et ai, 2007). It combines the selectivity of the molecular recognition of the 
biomolecules and the sensitivity of the signal transducers (Cooper, 2002; Patel, 2002). 
A wide variety of biosensors have been developed using different biorecognition 
elements such as enzymes, antibodies, peptides, whole cell and nucleic acids 
. (Shankaran et al, 2005; Yemini et ai, 2005; Rogers, 2006). 
Hybrid biosensors were developed to estimate lactose in milk, p Galactosidase 
adsorbed on diethyl aminoethyl cellulose (DE-52) hydrolyzed lactose and 
Saccharomyces cerevisiae fermented glucose and galactose producing CO2. The 
results were applied to lactose analysis in milk samples. The use of specific 
biosensors to measure lactose gave a new tool in the field of dairy products (Amarita 
et a/., 1997). A manometric sensor previously developed to measure urea was 
modified to measure glucose and lactose through enzymatic oxidation. Lactose was 
determined by first hydrolyzing the lactose to D-glucose and D-galactose by 
Aspergillus oryzae P galactosidase. The 30 min incubation time of lactose standards 
with p galactosidase was shown to be adequate to hydrolyze all of the lactose to 
glucose and galactose and the incubation period could have been made as short as 5 
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mill without any loss of sensitivity (Jenkins and Delwiclie. 2003; Sezginturk and 
Dinckaya, 2008). 
p Galactosidase from Escherichia coli was used as a model enzyme due to its 
versatility as a biosensor for lactose. The ability to generate three-dimensional 
structures with enhanced loading capacity for biosensing molecules offers the 
potential to substantially amplify biosensor sensitivity (Betancor et ah, 2008). An 
amperometric lactose biosensor was developed by immobilizing P galactosidase and 
galactose oxidase in Langmuir-Blodgett (LB) films of poly (3-hexyl thiophene) 
fP3HT)/siearic acid (SA) for estimation of lactose in milk and its products to prevent 
lactose intolerance. The enzyme immobilized LB film was used as working electrode 
and platinum as reference electrode. Another amperometric biosensor prepared by 
immobilization of p galactosidase and glucose oxidase onto a glassy carbon electrode 
coated with mercury thin film for lactose has been developed. The enzymes were 
immobilized by gelatin and glutaraldehyde onto mercury diin film electrode easily. 
The biosensor was applied to the determination of lactose in milk samples and the 
results obtained with the biosensor were validated by Somogyi-Nelson method (Hann, 
'990; Sharma et al., 2004; Goktug et aL, 2005). Biosensors possess advantages such 
as reliability, sensitivity, accuracy, ease of handling and low cost compared with 
conventional detection methods. These characteristics render an enzyme based 
biosensor ideal for biomedical applications (Liang et ai, 2000). 
An ever-increasing number of therapeutic antibodies of p galactosidase are 
reaching the clinic, most of them as IgG molecules (Canak et al., 2004). Their 
therapeutic effect is obtained either by blocking a target, or by exerting effector 
Hinctions residing in the Fc region to activate the complement system or cytotoxic 
cells. When an immobilized enzyme is used in v/vo, the support material should also 
prevent immune recognition, especially if the enzyme is of non-human origin (Binz et 
al, 2005). 
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OBJECTIVES OF THE PRESENT WORK 
• p Galactosidase is an important hydrolytic enzyme, which is useful for 
producing low lactose milk, consumed by people suffering from lactose 
intolerance. In view of its application in dairy industry and medical field, p 
galactosidase from Aspergillus oryzae has been selected for this study. 
• In the first part (Chapter II), an effort has been made to develop a simple and 
high yield procedure for the immobilization of glycosylated p galactosidase. 
Soluble and insoluble Con A complex of p galactosidase have been entrapped m 
calcium alginate beads. These entrapped preparations of p galactosidase were 
compared for its stability and reusability with its free form. Reactor efficiency 
and operational stability in continuous reactors and batch modes have been 
investigated in the hydrolysis of lactose from milk/whey. 
• In the second part of the work (Chapter III), p galactosidase was immobilized on 
the surface of Con A layered calcium alginate-starch beads. The stability of Con 
A layered calcium alginate starch hybrid beads was examined against various 
parameters like heat, urea, calcium chloride, magnesium chloride and galactose. 
Con A layered calcium alginate-starch hybrid beads immobilized p 
galactosidase was exploited for the hydrolysis of lactose from whey and milk. 
• In the third part of the work (Chapter IV), we have examined the suitability of 
Con A layered calcium alginate-starch beads immobilized p galactosidase as an 
oral therapeutic agent for the treatment of patients suffering from lactose 
intolerance. Thus the stability of surface immobilized p galactosidase has been 
studied against the conditions of alimentary canal/digestive system, such as 
varying pH, trypsin, pepsin and salivary a amylase. 
• In last part (Chapter V) of this study, an immunoaffinity support was developed 
for the immobilization of p galactosidase. Polyclonal antibodies were raised in 
male albino rabbits against purified p galactosidase. These antibodies were 
purified and coupled to CNBr-activated cellulose. Antibodies coupled cellulose 
was used to immobilize p galactosidase. Stability of immunoaffmity 
immobilized p galactosidase was evaluated against heat, pH, CaCl2 and 
galactose and proteolytic enzymes. This immobilized p galactosidase was also 
investigated for its storage stability and reusability. 
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2.1. INTRODUCTION 
Extensive research efforts have been made to investigate the possibilities offered 
by p galactosidase in dairy technology (Roy and Gupta, 2003; Al-Muftah and Abu-
Reesh, 2005). Some peculiar properties of the enzymes, such as their non-reusability, 
high sensitivity to several denaturing agents and presence of adverse sensory or 
toxicological effects may hamper the effective use of soluble enzymes. Many of these 
undesirable limitations can be overcome by the use of immobilized enzymes (Nijpels. 
i98i;Gekasand Lopez-Leiva, 1985). 
Enzyme immobilization offers a number of advantages over the soluble enzymes. 
Immobilization permits the reuse of the enzymes and may provide a better environment 
for catalytic activity. It also reduces the cost of downstream processing in addition to 
good product quality. The use of immobilized lactase in the production of lactose free 
milk has been described by a number of workers (Bakken et al., 1989; LartiUot, 1993; 
Roy and Gupta, 2003). 
The immobilization of enzymes, through their amino acid side chain groups 
sometimes resulted in the loss of enzyme activity (Ladero et ai, 2005). However, an 
alternative strategy has been suggested for the immobilization of glycoenzymes via their 
glycosyl moiety (Bakken and Hill, 1992; Jan and Husain, 2004). The carbohydrate part of 
the enzymes do not participate in catalysis, therefore the immobilization of such enzymes 
via glycosyl moieties is quite safe. Lectins are carbohydrate-binding proteins and they 
interact specifically with glycoproteins/glycoenzymes and form insoluble complexes (Jan 
etal.,2006). 
Various types of supports and techniques have been used for p galactosidase 
immobilizations and their applications (Gekas and Lopez-Levia, 1985). Membrane 
reactors often lower enzymatic activity in comparison to the use of soluble enzyme in 
batch reactors (Jurado et al., 2005). The use of PBRs in biological processes would allow 
the application of new methodologies to transform an environmental problem, such as 
permeate whey elimination of dairy industries in a commercial affair. The choice of 
lactose hydrolysis in batch and continuous mode depends primarily on the enzymatic 
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characteristics and the economics encompassing the production, storage and reusability 
(Mammarella and Rubiolo, 2006). 
The objective of the present work is to develop a simple and high yield procedure 
for the immobilization of glycosylated jp galactosidase from Aspergillus oryzae. The 
activity of. soluble and immobilized p galactosidase was compared against various 
chemical and physical denaturants, such as heat, pH, urea and calcium chloride. The 
effect of product inhibition on the activity of soluble and immobilized preparations of p 
galactosidase has been investigated. Reactor efficiency and operational stability both in 
terms of continuous and batch processes have also been studied. 
2.2. MATERIALS & METHODS 
2.2.1. Materials 
Aspergillus oryzae [G-7138, Lotl2IH0055] p galactosidase (3.2.1.23) and 
galactose were obtained from Sigma Chem. Co. (St. Louis, MO) USA. o-nitrophenyl p-
D-galactopyranoside (ONPG), glutaraldehyde, ethanolamine are obtained from SRL, 
Chem. Mumbai, India. All other chemicals and reagents used were of analytical grade. 
Milk was purchased from local dairy in Aligarh, India. 
2.2.2. Preparation of jack bean extract 
Jack bean extract (10%, w/v) was prepared by adding 5.0 g of jack bean meal to 
50 mL of 0.1 M Tris-HCl buffer, pH 6.1 containing 0.1 M NaCl, O.OOI M MgCl2, 0.001 
M MnCb, and 0.001 M CaC^. The mixture was kept on a magnetic stirrer for 2 h at room 
temperature. Insoluble residue was removed by centrifugation at 12,000 xg on a Remi 
Cooling Centrifuge R-24 for 20 min, until a clear supernatant is obtained. The collected 
supernatant was used for the insolubilization of p galactosidase. 
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2.2.3. Preparation of Con A-p galactosidase complex 
The increasing concentration of jack bean extract (10%, w/v) was added to 0.5 
mL diluted p galactosidase (200 U) making the volume up to 2.0 mL by 0.1 M Tris-HCl 
buffer, pH 6.1. The reaction mixture was incubated overnight at 37 °C. The precipitate 
was collected by centrifugation at 3000 xg on a Rem! Cooling Centrifuge R-24 for 30 
min. The activity was determined both in supernatant and pellet (Jan el al., 2006). 
2.2.4. CrossHnking of Con A-p galactosidase complex 
Con A-p galactosidase complex (220 U) was crossUnked by adding increasing 
concentrations of glutaraldehyde (0.1-0.5%, v/v) for 2 h at 4 °C. Ethanolamine was added 
to a fuia! concentration of 0.01% (v/v) to stop crosslinking. The solution was allowed to 
stand for 90 min at room temperature and the pellet was collected by centrifugation at 
3000 ;c^ for 30 min on a cooling tabletop centrifuge. The precipitate was suspended in 1.0 
M methyl a-D-glucopyranoside and allowed to stand for 1 h at room temperature. 
Centrifuged again at 3000 xg for 30 min, the precipitate obtained was suspended in O.I M 
sodium acetate buffer, pH 4.6. The activity was determined both in supernatant and 
pellet. The activity of Con A-p galactosidase complex without methyl a-D-
giucopyranoside treatment was considered as control (Jan et al., 2006). 
2.2.5. Entrapment of soluble, Con A complex and crosslinked Con A complex of p 
galactosidase into calcium alginate 
The soluble. Con A-p galactosidase complex and crosslinked Con A-p 
galactosidase complex were mixed independently with 5.0% aqueous sodium alginate 
solution and added drop wise to a stirred solution of 0.2 M CaC^ prepared in distilled 
water. A 5.0 mL syrin^^e with attached aeedle number 20 was used for the preparation of 
calcium alginate beads. The beads were stirred in CaClz solution for 2 h on a magnetic 
stirrer to make them hard and then suspended in 0.1 M sodium acetate buffer, pH 4.6. 
The obtained beads were stored and further used (Musthapa et al, 2004). 
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2.2.6. Assay of p galactosidase 
The enzyme activity of p galactosidase was determined by measuring the release 
of o-nitrophenol from ONPG (o-nitrophenyl p-D-galactopyranoside) at 405 nm (Batra et 
a!., 2002). Enzymatic reaction was carried out in a total volume of 2.0 mL containing 1.7 
mL of 0.! M sodium acetate buffer, pH 4.6, O.I mL suitably diluted enzyme and 0.2 mL 
of 20 mM ONPG at 37 "C for 15 min. The reaction was stopped by adding 2.0 mL 2.0 N 
sodium carbonate solution. The immobilized preparations were continuously agitated for 
entire duration of assay. The assay was highly reproducible with immobilized 
preparation. 
One unit of p galactosidase activity (U) is defined as the amount of enzyme that 
liberates 1.0 pimole of o-nitrophenol (e,T,= 4500 L Mof' Cm'') per min under standard 
assay conditions. 
2.2.7. Protein estimation 
Protein concentration was determined by using Bradford dye binding method 
(Bradford, 1976). Bradford dye was prepared by dissolving 30 mg of commassie brilliant 
blue G 250 in 15 mL ethanol and 30 mL o-phosphoric acid. The contents were properly 
dissolved in a brown bottle and the final volume was then made up to 300 mL with 
distilled water. Prepared dye solution was filtered through a whatman filter paper. 
Aliquots of protein were taken in a set of tubes and final volume was made up to 1 mL 
with distilled water. Bradford dye solution (5.0 mL) was then added to each tube. The 
color developed was read at 595 nm after 5 min incubation at room temperature against a 
reagent blank. Bovine serum albumin was used as a standard protein. 
2.2.8. Glucose estimation by glucose oxidase/peroxidase coupled assay procedure 
The lactose hydrolysis was monitored for the formation of glucose by using 
glucose oxidase/peroxidase coupled assay procedure. An appropriate amount of p 
galactosidase treated lactose, suitably diluted with 0.5 M phosphate buffer at pH 7.0 was 
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taken. The hydrolysis of lactose was estimated by using solution C. Solution C was 
prepared by taking 5 mg of glucose oxidase, I mg of peroxidase dissolved in 5.0 mL of 
0.1 M potassium phosphate buffer, pH 6.1, 15 mg ct-dianisidine HCi prepared in 2.5 mL 
of distilled water and 40 mL glycerol (20%). Solution C, 1.5 mL was added in all assay 
tubes. The test tubes was again incubated at 37 "C for 15 min and the reaction was 
stopped by adding l.O niL of 6.0 N HCI and developed color was measured at 540 nm 
(Hatton and Regoeczi, 1976). 
2.2.9. Calculation of Michaelis constant (K,„) and maximum reaction velocity (Vmax) 
The Michaelis constant (Km) and maximum reaction \elocity (Vmax) for soluble p 
galactosidase and entrapped crosslinked Con A-p galactosidase was calculated from 
Lineweaver Burk plots of 1/v vs. 1/s where v = velocity of reaction and s = substrate 
concentration. The reaction velocity (VmaJ was measured at different ONPG 
concentrations, keeping the amount of free and immobilized p galactosidase constant 
(Rejikumarand Devi, 2001). 
2.2.10. Calculation of Ki.,pp.,rent (Kiapp) 
The Kiapp values were calculated to explain galactose inhibition in terms of 
Henderson equation, which indicates competitive inhibition mechanism. 
Io^l-Vi/Vo=Ki ( l + [ S ] o / K,n) Vi/Vo + [Eo] 
Kiapp = K i ( ] + [ S y K J 
where [l]o, [Eo] and [S]oare the initial concentrations of inhibitor, enzyme and substrate 
respectively, Vo is the velocity without inhibitor and v, is the velocity in the presence of 
inhibitor. K, is inhibition constant, Kiapp is apparent inhibition constant and K^ is 
Michaelis-Menton constant (Henderson 1972; Pagano ei al., 1984). 
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2.2.11. Reusability of alginate entrapped p galactosidase 
Alginate entrapped preparations of p galactosidase: soluble. Con A complex, 
cross linked Con A complex were taken in triplicates for assaying the activity of enzyme. 
After each assay immobilized enzyme were taken out from assay tubes and were washed 
and stored in 0.1 M sodium acetate buffer, pH 4.6 overnight at 4 ^C. The activity was 
assayed for seven successive days. 
2.2.12. Storage stability of soluble and entrapped p galactosidase preparations 
Soluble and all the immobilized preparations of p galactosidase were stored at 4 
*'C in 0.1 M sodium acetate buffer, pH 4.6 for over 2 months. The aliquots from each 
preparation (2.0 U) were taken in duplicates at the gap o^ 10 d and were then analyzed for 
the remaining enzyme activity. The enzyme activity measured on the first day was 
considered as control (100%) for calculating further storage activity. 
2.2.13. Hydrolysis of lactose from milk/whey by p galactosidase in batch process 
The milk was skimmed by cent-'ifugation of cold milk at 8000 xg for 20 min in a 
Remi Cooling Centrifuge. The fat layer was removed from milk and stored at 4 °C for 
further use. Skimmed milk (500 mL) was treated with p galactosidase (1000 U) in batch 
process at 32 "C. The aliquots of 250 jiL were taken out at indicated time intervals for 12 
h. 
Whey was prepared from skimmed milk by acidifying with HCI until the pH 
reached 4.8. The casein was removed by centrifugation. Prepared whey was stored at 4 
°C for further use (Roy and Gupta, 2003). Whey (500 mL) was treated with p 
galactosidase (400 U) in batch process at 32 °C. The aliquots of 250 )iL were taken out at 
indicated time intervals for 12 h. The hydrolysis of lactose was estimated by glucose 
oxidase/peroxidase assay procedure (Hatton and Regoeczi, 1976). 
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2.2.14. Hydrolysis of lactose using packed bed columns 
Calcium alginate entrapped crosslinked Con A-p galactosidase (1525 U) was 
packed in a (2.0 x 10 cm) column. A column of similar dimensions containing alginate 
entrapped soluble p galactosidase (1590 U) was also prepared. The packed volume of the 
column was 8 mL. Lactose (O.l M) dissolved in 0.1 M sodium acetate buffer; pH 4.6 
containing 0.001 M sodium azide was passed through both the columns at different flow 
rates at room temperature (32 °C). 
2.2.15. Statistical analysis 
The data expressed in various studies was plotted using Sigma Plot-10 and 
Origin-6,1 expressed as mean with standard deviation of error (±). Each value represents 
the mean for three-independent experiments performed in duplicates with average 
standard deviation, <5%. 
2.3. RESULTS 
2.3.1. Formation of Con A-p galactosidase complex 
The addition of increasing concentrations of jack bean extract to the fixed 
concentration of p galactosidase resulted in increased precipitation of enzyme activity. 
The maximum precipitation exhibited 92% of the initial enzyme activity (Figure 4). 
2.3.2. Crosslinking of Con A-p galactosidase by glutaraldehyde 
In order to maintain the integrity of Con A-p galactosidase complex in the 
presence of substrate and product, the complex was crosslinked by increasing 
concentrations of glutaraldehyde. The maximum crosslinking was obtained by using 
0.5% (v/v) glutaraldehyde. Crosslinking further resulted in a marginal loss of 6% of the 
initial activity (Figure 5). 
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2.3.3. Entrapment of p galactosidase into calcium alginate beads 
Entrapment of soluble p galactosidase, Con A-p galactosidase complex and 
crosslinked Con A-p galactosidase complex into calcium alginate beads further resulted 
in the loss of enzyme activity and these entrapped p galactosidase preparations retained 
72%, 63% and 57% of the original enzyme activity, respectively (Table 2). 
2.3.4. Determination of kinetic constants 
The Michaelis constant (K^) and maximum velocity (Vmax) were calculated from 
Lineweaver Burk plots. It was found that Vma^  was affected less than K,,, upon 
immobilization (Table 3). 
2.3.5. Effect of pH 
Figure 6 demonstrates the pH-activity profiles of soluble and immobilized p 
galactosidase. All immobilized p galactosidase preparations showed no change in pH-
optima but had a remarkable broadening in pH-activity profiles as compared to the native 
enzyme. However, the crosslinked Con A-p galactosidase complex and entrapped 
crosslinked Con A-p galactosidase complex retained significantly very high activity at 
acidic and alkaline side of the pH-optima as compared to the soluble and other 
immobilized p galactosidase preparations. Entrapped crosslinked Con A-p galactosidase 
complex retained 81% and 21% activity at pH 3.0 and pH 8.5, respectively whereas the 
soluble enzyme exhibited 49% and 7% of the initial activity, respectively. 
2.3.6. Effect of temperature 
There was no alteration in temperature-optima of the immobilized p galactosidase 
preparations although there was a significant broadening in temperature-activity profiles 
for immobilized enzyme preparations (Figure 7). 
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Figure 4: Precipitation of p galactosidase by using jack bean extract 
p Galactosidase (200 U) was incubated with increasing concentrations 
(0.1-1.0 mL) of jack bean extract (10%, w/v) in a total volume of 2 mL of 
0.1 M Tris-HCl buffer, pH 6.1 for 12 h at 37 °C. Precipitate of each 
preparation was separated by centrifugation at 3000 xg for 15 min. Each 
precipitate was further washed with assay buffer and activity was 
determined in each precipitate as well as in supernatant as described in 
text (Section 2.2.6). 
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Figure 5: Crosslinking of Con A-p galactosidase complex by glutaraldehyde 
Con A p galactosidase complex (220 U) was incubated with increasing 
concentrations of glutaraldehyde (0.1-0.5%, v/v) for 2 h at 4 °C. After 
glutaraldehyde treatment in each tube 0.01% ethanolamine was added and 
further incubated for 30 min at room temperature. Crosslinked complex 
was collected by centrifugation at 3000 xg for 15 min. The complex was 
washed with assay buffer. Crosslinked complex was incubated with 1.0 M 
methyl a-D glucopyranoside for over 1 h at room temperature. The 
activity of enzyme was determined in each s-'oernatant and precipitate. 
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Table 2: Immobilization of {3 galactosidase by using jack bean extract and calcium 
alginate matrix 
Methods 
Con A-p galactosidase 
Crosslinked Con A-p galactosidase 
Calcium alginate entrapped soluble p 
galactosidase 
Calcium alginate entrapped Con A-p 
galactO!;idase 
Calcium alginate entrapped crosslinked Con A-
p galactosidase 
Activity 
expressed 
(%) 
92 ±2.3 
88 ±1.8 
72 ±2.95 
63 ±1.65 
57 ±2.89 
Each expressed activity is the percentage of the initial soluble enzyme activity. Each 
value represents the mean for three-independent experiments performed in duplicates, 
with average standard deviation, < 5%. 
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Table 3: Influence of immobilization process on kinetic constants 
Derivative 
Soluble 3 galactosidase 
Entrapped crossHnked 
Con A-p galactosidase 
K„,(mM) 
2.51 
5.18 
Vm(mol/min) 
4.8 X 10"" 
4.2 X 10"'* 
The Michaelis constant {K,n) and maximum velocity (Vp,ax) were calculated from 
Lineweaver Burk plots of 1/v vs. 1/s where v = velocity of reaction and s = substrate 
concentration. Each value represents the mean for three-independent experiments 
performed in duplicates, with average standard deviation, < 5%. 
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Figure 6: pH-activity profiles of soluble and entrapped p galactosidase 
preparations 
The enzyme activity of soluble and entrapped p galactosidase preparations 
(2.0 U) was measured in the buffers of various pH. The molarity of each 
buffer was 0.1 M. The activity at pH 4.6 for all the preparations was taken 
as control (100%) for the calculation of remaining percent activity as 
described in the text (Section 2.2.6). 
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However, the crossJinked Con A-p galactosidase complex and entrapped 
crosslinked Con A-p galactosidase complex retained significantly very high activity at 
temperatures lower and higher than the temperature-optima as compared to the soluble 
and other immobilized p galactosidase preparations. Entrapped crosslinked Con A-p 
galactosidase preparation retained significantly higher fraction of catalytic activity, 63% 
at 80 °C while the free enzyme exhibited only 2% of the initial enzyme activity at the 
same temperature. 
Figure 8 illustrates the thermal denaturation plot of soluble and immobilized 
preparations of p galactosidase. All the immobilized p galactosidase preparations retained 
significantly high catalytic activity even after 6 h incubation at 60 "C. Crosslinked Con 
A-p galactosidase complex showed nearly 41% of the initial activity after 6 h exposure. 
Entrapped crosslinked Con A-p galactosidase complex exhibited nearly 53% activity 
after 6 h whereas the native enzyme showed only marginal activity of 3% after 5 h 
exposure under similar mcubatjon cojicJitions. 
2.3.7. Effect of 4.0 M urea 
The urea-induced denaturation of p galactosidase preparations is shown (Figure 
9). The soluble enzyme almost lost its complete activity after 2 h exposure with 4.0 M 
urea at 37 °C while the immobilization provides more stability against the denaturation 
induced by urea. Increased stability of various immobilized preparations of p 
galactosidase was in order of entrapped soluble P galactosidase < Con A-p galactosidase 
complex < entrapped Con A-p galactosidase complex < crosslinked Con A-p 
galactosidase complex < entrapped crosslinked Con A-3 galactosidase complex. 
However, entrapped crosslinked Con A-p galactosidase complex retained more than 50% 
of its original activity after 1 h exposure with 4.0 M urea at 37 °C whereas the soluble 
enzyme had a marginal activity of 14% under identical incubation conditions. 
48 
Chapter U 
100 -
90 -
80 -
p" 70 -
:> 60 • 
"5 
< 
^ 50 -
30 -
20 -
10 -
0 
Soluble Q galactosidase 
Entrapped soluble ri galactosidase 
Con A-d galactosidase complex 
Alginate entrappecj Con A-Q galactosidase complex 
Crosslinked Con A-ft galactosidase complex 
Alginate entrapped crosslinked Con A-C^ galactosidase complex 
20 25 30 35 40 45 50 55 60 65 
Temperature (°C) 
70 75 80 
Figure 7: Temperature-activity profiles of soluble and entrapped p galactosidase 
preparations 
The enzyme activity of soluble and entrapped p galactosidase preparations 
(2.0 U) was measured in 0.1 M sodium acetate buffer, pH 4.6 at various 
temperatures. The activity obtained at 50 °C was taken as control (100%) 
for the calculation of remaining percent activity as described in the text 
(Section 2.2.6). 
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Figure 8: Thermal denaturation of soluble and entrapped p galactosidase 
preparations 
Soluble and entrapped p galactosidase preparations were incubated at 60 
°C in 0.1 M sodium acetate buffer, pH 4.6 for various time intervals. The 
aliquots of each enzyme preparation (2.0 U) were collected at various 
limes and activity of the enzyme was determined as described in the text 
(Section 2.2.6). The enzyme unexposed at 60 °C was considered as control 
(100%). 
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Figure 9: Effect of urea on soluble and entrapped p galactosidase preparations 
Soluble and entrapped p galactosidase preparations were incubated in 4.0 
M urea dissolved in 0.1 M sodium acetate buffer, pH 4.6 at 37 °C of the 
urea exposed enzyme preparations. Aliquots of each preparation (2.0 U) 
were removed at various times and the remaining activity was determined 
as described in the text (Section 2.2.6). 
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2.3.8. Effect of calcium chloride 
Calcium is or^ e of the important components of milk. Therefore, It is necessary to 
evaluate the stability of various preparations of p galactosidase in the presence of 
different concentrations of calcium chloride. The effect of various concentrations of 
calcium chloride (1.0-5.0%, w/v) on the activity of p galactosidase is demonstrated in 
Figure 10. The exposure of soluble p galactosidase by 5.0% calcium chloride for 1 h at 37 
°C resulted in a loss of nearly half of the initial activity. Entrapped crosslinked Con A-p 
galactosidase complex was remarkably more stable as compared to the soluble and other 
immobilized p galactosidase preparations. This preparation retained more than 80% of 
the original activity after incubation with 5% CaCb at 37 °C for 1 h. 
2.3.9. Effect of galactose 
Galactose is one of the products of p galactosidase catalyzed hydrolysis of 
lactose. It has been reported that galactose can also inhibit reaction catalyzed by p 
galactosidase; therefore an effort has been made to investigate the effect of various 
concentrations of galactose on the activity of soluble and immobilized preparations of p 
galactosidase. The effect of increasing concentrations of galactose (1.0-5.0%, w/v) has 
been examined on soluble and immobilized p galactosidase (Figure 11). The pre-
incubation of soluble p galactosidase with 5.0% galactose for 1 h at 37 °C resulted in a 
significant loss of 70% activity while the entrapped crosslinked Con A-p galactosidase 
complex retained over 60% of the original activity under similar exposure. 
Kiapp values has been calculated which demonstrated that the concentration of 
galactose was inversely proportional to Kiapp value. Entrapped crosslinked Con A-p 
galactosidase complex exhibited significantly very high Kiapp value at 1% of galactose as 
compared to other p galactosidase preparations. It indicated that this preparation was 
more stable and less affected by galactose inhibition (Table 4). 
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Figure 10: Effect of calcium chloride on soluble and entrapped p gaiactosidase 
preparations 
Soluble and entrapped p gaiactosidase preparations (2.0 U) were incubated 
with increasing concentration of calcium chloride (1.0-5.0 %, w/v) in 0.1 
M sodium acetate buffer, pH 4.6 for 1 h at 37 °C. The remaining activity 
of the enzyme was determined as described in the text (Section 2.2.6). 
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Figure 11: Effect of galactose on soluble and entrapped p galactosidase 
preparations 
Soluble and entrapped p galactosidase preparations (2.0 U) were incubated 
with increasing concentrations of galactose (1.0-5.0 %, w/v) in 0.1 M 
sodium acetate buffer, pH 4.6 for 1 h at 37 °C. Tlie remaining activity of 
the enzyme was determined as described in the text (Section 2.2.6). 
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Table 4: Ki^ pp of soluble and entrapped p galactosidase preparations in the presence 
of galactose 
Galactose 
cone. (%) 
! 
2 
1 
4 
5 
Soluble p 
galactosidase 
220.17 ±2.8 
173.61 ±3.2 
151 ±2.9 
148 ±2.1 
J46±1.6 
Immobilized 
Entrapped 
soluble p 
galactosidase 
282.21 ±2.6 
186.62 ±2.2 
156.28 ±3.5 
!48.I5±I.9 
147.2 ±1.2 
enzyme preparations (Kiapp^  IC 
Con A-P 
galactosidase 
316.2 ±1.6 
209 ±1.32 
174±1.8 
155 ±3.2 
153.3 ±2.5 
Entrapped 
Con A-p 
galactosidase 
350 ±3.1 
249 ±2.9 
214.2 ±3.4 
190.4 ±2.8 
168.31 ±2.1 
• ^ M ) 
Crosslinked 
Con A-P 
galactosidase 
418.05 ±1.9 
302.08 ±1.5 
249 ±2.4 
204 ±2.2 
174 ±2.3 
Entrapped 
crosslinked 
Con A-P 
galactosidase 
574 ±0.9 
392.16 ±2.4 
332 ±2.5 
227 ±2.8 
180±1.74 
The Kiapp values were calculated to explain galactose inhibition in terms of competitive 
inhibition mechanism: 
lo^l-v,/vo=Ki (l+[S]o / K J v,/Vo + [Eo]; Ki,pp= K^  (1 + [ S y K;„) 
Where [l]o, [Eo] and [SJoare the initial concentrations of inhibitor, enzyme and substrate 
respectively, Vo is the velocity without inhibitor and v; is the velocity in the presence of 
inhibitor. K, is inhibition constant, Kiapp is apparent inhibition constant and K^ is 
Michaelis-Menton constant. Each value represents the mean for three-independent 
experiments performed in duplicates, with average standard deviation, < 5%. 
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However as the concenlralions of galactose was increased, more inhibition was 
noticed which suggested that at high concentration of galactose, a significant loss of 
enzyme activity occurred in soluble p galactosidase whereas the entrapped crosslinked 
Con A-(3 galactosidase complex retained more enzymatic activity under similar 
conditions. 
2.3.10. Reusability of beads containing p galactosidase 
Figure 12 demonstrates the reusability of three different calcium alginate 
entrapped preparations of p galactosidase. After seventh repeated use the entrapped 
soluble enzyme showed a marginal activity of 21% whereas the entrapped Con A-p 
galactosidase complex and entrapped crosslinked Con A-p galactosidase complex 
retained 85% and 95% of its activity, respectively. 
2.3.11. Storage activity of soluble and entrapped p galactosidase preparations 
Storage stability of soluble and immobilized preparations of p galactosidase at 4 
°C was monitored at the gap of 10 d for over 2 months (Table 5). The entrapped 
crosslinked Con A-p galactosidase complex retained almost 93% of the original activity 
af^ er a period of 2 months storage at 4 °C, whereas the soluble p galactosidase exhibited 
only 40% activity under identical storage conditions. Thus, entrapped crosslinked Con A-
P galactosidase is highly stable at 4 "^ C. 
2.3.12. Hydrolysis of lactose from milk/whey by entrapped p galactosidase 
The hydrolysis of lactose from milk and whey was monitored by sampling at 
regular time intervals for 12 h at 32 °C in stirred batch process (Table 6). It was noted 
that after I h, the ratu of hydrolysis by entrapped soluble p galactosidase was 54% in 
whey and ,45% in milk while entrapped crosslinked Con A-p galactosidase showed 
slightly less hydrolysis of lactose in whey and milk, 43% and 36%, respectively. 
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Figure 12: Reusability of entrapped p galactosidase preparations 
The reusability of entrapped soluble p galacto >idase, entrapped Con A-p 
galactosidase complex and entrapped crosslinked Con A-p galactosidase 
was monitored at the gap oi 6 h. The samples of each preparation were 
taken in triplicates and were assayed for the remaining enzyme activity as 
described in the text (Section 2.2.6). 
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Table 5; Storage activity of soluble and entrapped p galactosidase preparations 
Numbe 
rof 
days 
Centre i 
10 
20 
30 
40 
50 
60 . 
Soluble p 
galactosidase 
100 
91 ±1.23 
73 ±3.22 
61 ±2.56 
57 ±1.43 
51 ±3.2 
40 ±2.5 
Entrapped 
soluble p 
galactosidase 
100 
94 ±2.7 
84 ±2.67 
70 ±2.98 
67 ±2.45 
60 ±1.54 
51 ±1.78 
Remaining activity (%) 
Con A-P 
galactosidase 
100 
96 ±0.98 
89 ±1.67 
79 ±3.41 
71 ±2.5 
69 ±2.33 
60 ±2.97 
Entrapped Con 
A-p 
galactosidase 
100 
98 ±1.23 
93 ±1.32 
87 ±1.8 
80 ±2.8 
79 ±3.34 
70 :::2.99 
Crossl inked 
Con A-p 
galactosidase 
100 
99 ±0.76 
97 ±1.11 
94 ±1.56 
93 ±1.67 
89 ±2.76 
84 ±3.2 
Entrapped 
crosslinked 
Con A-p 
galactosidase 
100 
100 
100 
98 ±1.34 
97 ±1.85 
95 ±1.86 
93±1.2 
Soluble and ail the entrapped p galactosidase preparations were stored at 4 T in 0.1 M 
sodium acetate buffer, pH 4.6 for over 2 months. The aliquots from each preparation (2.0 
U) were taken in duplicates at the gap of 10 d and were then analyzed for the remaining 
enzyme activity. The enzyme activity measured on the first day was considered as control 
(100%) for the calculation of further storage activity. Each value represents the mean for 
three-independent experiments performed in duplicates, with average standard deviation, 
< 5%. 
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Table 6: Hydrolysis of lactose from milk/whey by entrapped p galactosidase 
Time 
(min) 
1 
2 
-* J 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Lactose hydrolysis (•-/') 
Milk 
Entrapped 
soluble |3 
galactosidase 
45 ±1.32 
50 ±1.22 
54±1.11 
54 ±1.09 
54 ±1.67 
54 ±1.56 
54 ±1.32 
54±1.54 
54 ±1.32 
54±1.2! 
54±1.21 
54 ±1.60 
Entrapped 
crosslinked 
Con A-p 
galactosidase 
36±1.56 
63 ±1.45 
77 ±1.99 
77±1.78 
77 ±1.32 
77 ±0.99 
77 ±1.34 
77 ±1.32 
77 ±1.22 
77±1.11 
77±1.11 
77 ±1.62 
Whey 
Entrapped 
soluble p 
galactosidase 
54 ±1.23 
61 ±1.45 
69 ±1.23 
69 ±1.65 
69 ±1.22 
69 ±1.21 
69 ±1.45 
69 ±1.27 
69 ±1.32 
69 ±1.54 
69 ±1.23 
69 ±1.09 
Entrapped 
crosslinked 
Con A-P 
galactosidase 
43 ±1.88 
70 ±1.23 
86±1.01 
86 ±1.23 
86 ±0.98 
86 ±1.65 
86 ±1.26 
86±1.11 
86 ±1.23 
86 ±1.56 
86 ±0.98 
86 ±0.76 
Skimmed milk and whey (500 mL) were treated with p galactosidase TOOO U and 400 U 
respectively, in batch process at 32 °C, under stirred conditions. The kliquots from each 
preparation in batch process (250 (iL) were taken out at indicated time intervals for 12 h. 
The hydrolysis of lactose was estimated by glucose oxidase/peroxidase assay procedure 
as described in the Section 2.2.8. Each value represents the mean for three-independent 
experiments performed in duplicates, with average standard deviation, < 5%. 
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However, 86% and 77% lactose was hydrolyzed from whey and milk after 3 h by 
entrapped crosslinked Con A-p galactosidase, respectively while the 69% and 54% 
lactose was hydroyzed in whey and milk by entrapped soluble p galactosidase, 
respectively. There was no further increase in the hydrolysis of lactose up to 12 h (Table 
^)-
2.3.13. Lactose hyurolysis in packed bed column 
The rate of lactose hydrolysis was seen at different flow rates by taking entrapped 
preparations of soluble p galactosidase and crosslinked Con A-p galactosidase. It was 
seen that the maximum hydrolysis occurred at the flow of 10 mL h"' while the hydrolytic 
rate decreased at 20 and 30 mL h'' (Table 7). It was due to the residence time of lactose 
inside the column containing entrapped preparations of p galactosidase. At 10 mL h"' 
greater percent of lactose was hydrolyzed inside the column whereas, the hydrolytic rate 
reduced considerably when the flow rate was increased. 
It was seen that 96% of lactose was hydrolyzed by soluble entrapped p 
galactosidase and 91% of lactose was hydrolyzed by entrapped crosslinked Con A-p 
galactosidase. This was due to more accessibility of substrate in the entrapped 
preparation of soluble p galactosidase but it was seen that after 1 month the lactose 
hydrolysis decreased to 87% and after 2 months the hydrolysis of lactose reduced to only 
30%. However entrapped crosslinked Con A-p galactosidase showed 86%) lactose 
hydrolyzing activity afler 2 months of continuous lactose hydrolysis. Similarly at 20 and 
"iQ mL h' entrapped soluble p galactosidase exhibited nearly 29% and 25% hydrolytic 
activity, respectively after 2 months whereas the entrapped crosslinked Con A-p 
galactosidase could hydrolyze 80% and 77% of lactose under similar experimental 
conditions. 
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Table 7: Lactose hydrolysis in continuous process in a packed bed column 
Number 
ofdays 
Control 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
Lactose hydrolysis (%) in continuous packed bed columns at different flow rates 
10 
Entrapped 
soluble p 
galactosidase 
100 
96.0 ±1.21 
96.0 ±L43 
96.0 ±1.22 
94.2 ±1.65 
90.0 ±1.76 
87.0 ±1.87 
80.2 ±2. J] 
73.1 ±3.21 
61.34 ±1.99 
50.0 ±2.22 
39.2 ±2.11 
30.1 ±1.45 
mL h"' 
1 
Entrapped 
crosslinked 
Con A-(J 
galactosidase 
100 
91.0±1.45 
91.0±!.43 
91.0±1.09 
91.0±1.32 
91.0±1.22 
91.0±L65 
9I.0±2.n 
90.45 ±2.56 
88.7 ±1.87 
88.2 ±2.13 
87.4 ±3.44 
86.2 ±1.21 
20mLh- ' 
Entrapped 
soluble p 
galactosidase 
100 
90.0 ±1.45 
90.0 ±1.44 
90.0 ±1.23 
86.2 ±1.34 
83.4 ±1.54 
75.4 ±1.87 
70.5 ±1.43 
64.3 ±1.32 
57.0 ±1.34 
48.1 ±1.65 
33.0 ±1.44 
28.7 ±2.22 
Entrapped 
crosslinked 
Con A-P 
galactosidase 
100 
87.0 ±1.22 
87.0±].2] 
87.0 ±1.44 
87.0 ±1.32 
86.9 ±1.33 
87.0 ±1.65 
87.0 ±].65 
86.5 ±1.32 
85.6 ±1.38 
84.2 ±1.22 
82.3 ±1.56 
80.0 ±1.22 
30 mL h-' 
Entrapped 
soluble p 
galactosidase 
100 
85.0 ±1.54 
85.0 ±1.22 
84.3 ±1.56 
83.0 ±1.22 
82.5 ±1.45 
76.0 ±2.58 
64.2 ±1.65 
60.4 ±2.43 
53.0 ±2.32 
42.2 ±1.67 
31.0 ±1.43 
25.32 ±2.99 
Entrapped 
crosslinked 
Con A-P 
galactosidase 
100 
81.2±1.32 
83.1 ±1.54 
81.0±1.65 
81.0±1.87 
8l.2±1.54 
81.0 ±2.3 
81.0 ±3.2 
79.1 ±1.94 
79.3 ±1.65 
77.1 ±2.87 
77.0 ±3.21 
77.0 ±3.70 
Lactose (0.1 M) dissolved in 0.1 M sodium acetate buffer, pH 4.6 containing O.OOI M 
sodium azide was passed through two columns: Alginate entrapped crosslinked Con A-p 
galactosidase (1525 U) column and entrapped soluble p galactosidase (1500 U) column, 
at different flow rates at 32 °C. Each value represents the mean for three-independent 
experiments performed in duplicates with average standard deviation, < 5%. 
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2.4. DISCUSSION 
Sodium alginate lias proved to be an efficient substance for the immobilization of 
enzymes, cell organelles, microorganisms, plant and animal cells (Smidsrod and 
Gudmund, 1990; Kierstan and Bucke, 2000). But this property has turned out to be a 
draw back as far as immobilization of enzymes is concerned. Due to the high porosity of 
alginate beads, the entrapped enzymes were leached out of the polymer matrix (Blandino 
et al., 2000; Musthapa et al., 2004). In order to circumvent this leaching problem of the 
enzymes from the polymeric matrix several efforts has already been made but the cost of 
the process always restricted their applications (Betancor et al.y 2005). In order to prevent 
the leaching of the enzymes from the calcium alginate beads, an insoluble Con A-P 
galactosidase complex has been prepared by using a simple extract of jack bean meal. It 
was seen that a very insignificant quantity of jack bean extract was required to form the 
insoluble complex of p galactosidase (Figure 4). 
Con A-p galactosidase complex retained very high enzyme activity. It has already 
been reported that glucose oxidase exhibited remarkably very high enzyme activity when 
complexed with Con A or polyclonal antibodies (Jan et at., 2006). These reports 
suggested that the insoluble Con A-erizyme complexes are quite porous and the active 
sites of the enzymes were easily accessible to the substrates. The enzyme was 
precipitated at a low Con A/enzyme ratio, thereby reducing the non-enzymatic content of 
the complex. This would be advantageous in minimizing the valuable reactor space 
occupied by non-enzymatic material. 
This is well '<nown fact that Con A complexes of glycoenzymes could be 
dissociated in the presence of glucose, mannose and N-acetyl glucosamine (Akhtar et al., 
2005; Jan et al., 2006). In order to maintain the integrity of Con A-p galactosidase 
complex in the presence of its substrates and products, such complex was crosslinked by 
glutaraldehyde. Con A-p galactosidase complex showed a marginal loss of 6% enzyme 
activity upon crosslinking (Figure 5). Crosslinking of Con A-p galactosidase complex 
prior to entrapment in alginate, for its use in an enzyme reactor, was essential since the 
enzymes acted on carbohydrate substrate that disaggregates the complex. Crosslinking of 
Con A-p galactosidase complex with glutaraldehyde resulted in a small loss of enzyme 
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activity (Table 2). Glutaraldehyde based chemistry is an effective method for enzyme 
immobilization and stabilization. Glutaraldehyde stabilizes the alginate gel, helping in the 
prevention of the leakage of enzymes (Tanriseven and Dogan, 2002). However, there was 
further decrease in enzyme activity as a result of entrapment, the fractions of entrapped 
activity that was expressed in case of soluble p galactosidase and Con A-p galactosidase 
complex were certainly higher as compared to crosslinked Con A-p galactosidase 
complex. 
Due to entrapment of crosslinked Con A-p galactosidase Km value has been 
increased as compared to soluble p galactosidase (Table 3). However, Vmax values for the 
free and immobilizeu enzyme showed that there was no conformational change in the 
enzyme during immobilization. The change in the affinity of the enzyme for its substrate 
is caused by lower affinity of the substrate to the active site of the immobilized enzyme 
(Arica et al, 1998; Hernaiz and Crout, 2000). 
Enhancement in stability appeared to be another attractive feature of the crosslinked 
Con A-p galactosidase and entrapped crosslinked Con A-p galactosidase. The marked 
stability exhibited by these immobilized preparations (Figures 6-11) is not unanticipated, 
in view of the earlier reports on the stabilization of glycoenzymes as a resuh of binding to 
Con A (Akhtar et ah, 2005; Jan et ah, 2006). 
Immobilized p galactosidase preparations exhibited no change in pH and 
temperature-optima as compared to native enzyme (Figures 6 and 7). Similar results were 
obtained when p galactosidase from Aspergillus oryzae immobilized in fibers comprised 
of alginate and gelatin and hardened by glutaraldehyde (Tanriseven and Dogan, 2002) 
However, the entrapped crosslinked Con A-p galactosidase was far superior in thermal 
stability (Figure 8) as compared to other methods used for the immobilization of 
Aspergillus oryzae p galactosidase. Crosslinked Con A-p galactosidase and entrapped 
crosslinked Con A-P galactosidase preparations were markedly more stable against the 
denaturation induced by urea (Figure 9). These high stability immobilized preparations of 
P galactosidase could be successfully exploited for the hydrolysis of lactose even in the 
presence of such type of denaturants. Although the action mechanism of urea on the 
protein structures has not yet been completely understood, several earlier studies have 
proposed that protein is unfolded by the direct interaction of urea molecule with a peptide 
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backbone via hydrogen bonding/hydrophobic interaction, which contributes to the 
maintenance of protein conformation (Makhatadze and Privalor, 1992; Khan e( al., 
2005). 
Here we have noticed that Aspergillus oryzae p galactosidase activity was also 
significantly decreased after incubation with 5.0% (w/v) calcium chloride (Figure 10). 
However, the entrapped crosslinked Con A-p galactosidase was remarkably more stable 
against the denaturation mediated by calcium chloride exposure. Some investigators have 
demonstrated that the activity of peach p galactosidase inhibited by Ca^ "^  ions and other 
bivalent cations (Lee et al., 2003). Demirhan et al. (2008) reported that p galactosidase 
from Kluyveromyces marxiomis lactis in a batch reactor system also showed a decrease in 
activity on the addition of Ca ^ ions. 
In order to maintain the catalytic efficiency of reactor containing immobilized p 
galactosidase, the activity of the enzyme should not be affected by presence of its 
products. However, there are several reports which indicated that galactose was one of 
the products of p galactosidase catalyzed hydrolysis of lactose and it has competitively 
and non-competitively inhibited the activity of the enzyme (Shukla and Chaplin, 1993; 
Portaccio et al, 1998). Our findings indicated that the crosslinked Con A-p galactosidase 
and entrapped crosslinked Con A-p galactosidase preparations were significantly more 
resistant to the inhibition mediated by galactose (Figure 11). Here some preliminary 
investigations have been done to find out the Kigpp values so as to explain galactose 
inhibition in terms of Henderson equation, which indicates competitive inhibition 
mechanism and this may be explained as follows: 
Io-l-Vi/Vo=Kj (l+[S]o / K„,) Vj/vo + [Eo] 
Kiapp = K.(l + [ S ] o / K J , 
where [l]o, [Eo] and [S]o are the initial concentrations of Inhibitor, enzyme and substrate 
respectively, VQ is the velocity without inhibitor and Vj is the velocity in the presence of 
inhibitor (Henderson, 1972; Pagano et al, 1984). As reported by Portaccio et a/. (1998) 
that a lower value for K; denotes stronger inhibition as in case of p 
galactosidase/immunodyne system whereas P galactosidase/chitosan system has higher K; 
value. Hence the latter system seemed to be more appropriate to perform lactose 
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hydrolysis. Entrapped crosslinked Con A-P galactosidase complex has higher Kiapp value 
as compared to soluble p galactosidase, therefore entrapped crosslinked Con A-p 
galactosidase retained more enzyme activity in the presence of high concentration of 
galactose (Table 4). 
One of the limitations associated with the industrial application of enzymes is their 
high cost and instability under operational conditions. The process becomes cost effective 
if the preparation shows higher catalytic efficiency and reusability. Entrapped crosslinked 
Con A-p galactosidase and entrapped Con A-p galactosidase complex retained 
significantly very high activity on their repeated uses whereas the entrapped soluble 
enzyme lost its activity rapidly on similar reuses (Figure 12). Thus, the reusability of 
calcium alginate entrapped preparations of p galactosidase showed that entrapped 
crosslinked Con A-p galactosidase complex could be exploited for the continuous 
conversion of lactose from milk or whey for a longer duration in a reactor. In view of the 
earlier reports on leakage of peroxidase (Matto and Husain, 2006), polyphenol oxidases 
(Davis and Burns, 1990) and glucose oxidase (Blandino et al, 2000) from alginate gels, 
activity inhibition by galactose may be responsible for this behavior. However, some 
investigators have showed that chitosan-immobilized p galactosidase from Aspergillus 
oryzae could be reused for four cycles of lactose hydrolysis without significant loss in 
activity (Gaur et al, 2006). 
The entrapped crosslinked Con A-p galactosidase retained almost 93% of the original 
activity after a period of 2 months storage at 4 "C whereas the soluble p galactosidase 
exhibited only 40% activity under'.identical storage conditions. Thus, entrapped 
crosslinked Con A-p galactosidase was highly stable at 4 "C (Table 5). 
The hydrolysis of lactose from milk and whey was investigated for 12 h by 
entrapped preparations of P galactosidase at room temperature. Entrapped crosslinked 
Con A-p galactosidase was more efficient in hydrolyzing lactose in whey than in milk. 
Similarly, entrapped soluble p galactosidase showed a higher hydrolytic rate in whey 
than in milk (Table 6). It has been earlier reported that lactose hydrolysis by lactozym™ 
immobilized on cellulose beads took 48 h in continuous batch mode at 30 ^C (Roy and 
Gupta, 2003). Higher percent of lactose hydrolysis was seen in whey as compared to 
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skimmed milk. As the pi I of whey ranges from 4.5 to 5.0 whereas the pH of milk ranges 
from 6.5 to 6.8, p gaiactosidase showed 100% activity at pH 4.6 but its activity 
considerably decreased at higher pH, Due to this reason 1000 D of (3 gaiactosidase is 
required for the hydrolysis of lactose in skimmed milk whereas only 400 U are needed in 
case of whey. 
Entrapment of crossiinked Con A-p gaiactosidase in calcium alginate beads thus 
appeared to be a useful method for continuous conversion of lactose into glucose and 
galactose (Table 7). Crossiinked Con A-p gaiactosidase complex is insoluble yet it is 
rather unsuitable for direct use in reactor due to its fineness and tendency to pack 
compactly. 
In view of the high stability offered by the crossiinked Con A-p gaiactosidase and 
entrapped crossiinked Con A-p gaiactosidase against heat, pH, urea, calcium chloride and 
galactose, it suggested that entrapped crossiinked Con A-p gaiactosidase preparation 
could successfully be employed in a reactor for the continuous conversion of lactose. 
This immobilized enzyme preparation was found to be more superior in terms of 
immobilization yield and retention of enzyme activity both in continuous and batch 
process. The reusability and storage experiments further supported that crossiinked Con 
A-p gaiactosidase complex did not leach out of the gel beads, therefore such preparations 
could be exploited for the continuous conversion of lactose from milk or whey for a 
longer duration in a reactor. 
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3.1. INTRODUCTION 
p Galactosidases (EC 3.2.1.23) from different sources are currently being used 
in the production of lactose fvQQ milk products. It hydrolyzes the milk sugar, lactose, 
to its basic components glucose and galactose (Zhou et al., 2003). Hydrolysis of 
lactose improves product sweetness and makes the consumption of milk suitable for 
the people who suffer from lactose intolerance. Immobilization of p galactosidases is 
one of the most important technologies used in dairy industry (Vasiljevic and Jelen, 
2001; 2002). 
Among the various immobilization techniques, methods based on bioaffinity 
supports have attracted much attention due to various merits over the other known 
classical methods (Misiovicova ei a!., 2000; Sardar and Gupta, 2005). Bioaffinity 
adsorption is a simple, inexpensive and specific technique used for the immobilization 
of enzymes. These procedures can be even employed for the direct immobilization of 
enzymes from the crude homogenate or partially purified preparation, thus avoiding 
the high cost of enzyme purification. This method has emerged as a gentle strategy for 
the immobilization of enzymes. It also offers several other advantages such as ease of 
immobilization, lack of chemical modifications and usually accornpanying 
enhancements in the stability of the enzymes. Enzymes are also properly oriented on 
these supports (Gemeiner e! a!., 1998; Kulshrestha and Husain, 2006). 
Several investigators have used alginate as a media for the entrapment of p 
galactosidase, but this procedure of enzyme immobilization has some limitations, 
such as the problem of substrate and product diffusion in and out of the alginate 
beads. Kailasapathy eC al. (2006) has reported that alginate and Hi-Maize '^^  starch in 
varying concentrations and proportions were utilized for maximizing the 
encapsulation efficiency. Starch acts as a filler material to reduce the loss of enzyme 
and helps to strengthen the support. The presence of starch in hybrid gel will also help 
US in minimizing the cost of the process (Jankowski etal.y 1997). 
In the present study an attempt has been made to synthesize a hybrid gel of 
alginate and starch for the purpose of immobilization of p galactosidase on the large 
surface area of Con A layered calcium alginate-starch beads. The stability of 
immobilized p galactosidase has been compared with its soluble counterpart against 
various chemical and physical denaturants. The effect of product inhibition on the 
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activity of soluble and immobilized p galactosidase has also been monitored. 
Immobilized p galactosidase has been used in batch process for the hydrolysis of 
lactose from whey and milk. Reusability and storage stability of immobilized p 
galactosidase has also been investigated. 
3.2. MATERIALS & METHODS 
3.2.1. Materials 
Aspergillus oryzae [G-7138, LotI21H0055] p galactosidase (3.2.1.23), 
galactose and glucose were obtained from Sigma Chem. Co. (St. Louis, MO) USA. 
Starch, o-nitrophenyl P-D-galactopyranoside (ONPG), was obtained from SRL Chem. 
Mumbai, India. Sodium alginate was the product of Koch-Light Lab. Colnbrook, UK. 
Jack bean meal was procured from DIFCO, Detroit, USA. All other chemicals and 
reagents used were of analytical grade. Milk was purchased from local dairy in 
Aligarh, India. 
3.2.2. Preparation of calcium alginate-starch beads 
An aqueous mixture of sodium alginate (2.5%) and starch (2.5%) was 
prepared and the resulting mixture was slowly extruded as droplets through a 5.0 mL 
syringe with attached needle No. 20 into 0.2 M calcium chloride solution. The 
formation of calcium alginate-starch beads was instantaneous and the solution was 
gently stirred for 2 h. The beads were then washed and stored in 0.1 M sodium acetate 
buffer, pH 4.6 at 4 °C, until further use. 
3.2.3. Binding (if p galactosidase on Con A layered calcium alginate-starch 
beads 
Jack bean extract (10%, w/v) was prepared by adding 5-0 g of jack bean meal to 
50 mL of 0.1 M Tris-HCl buffer, pH 6.1 (Chapter 11, Section 2.2.2). Calcium alginate-
starch beads (550 beads) were incubated overnight with jack bean extract (25 mL) 
containing Con A, at 30 °C with slow stirring on a magnetic stirrer. Con A bound 
calcium alginate-starch beads were washed thrice with 0.1 M sodium acetate buffer. 
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pH 4.6. Con A layered calcium alginate-starch beads were incubated with p 
galactosidase (2100 U) overnight at 30 °C, with slow stirring. The unbound enzyme 
was removed by repeatedly washing with 0.1 M sodium acetate buffer, pH 4.6. 
3.2.4. Crosslinking of immobitized p galactosidase 
p Galactosidase immobilized on the surface of Con A layered calcium 
alginate-starch beads was crosslinked with 0.5% (v/v) glutaraldehyde for 2 h at 4 °C. 
Ethanolamine was added to a final concentration of 0.01% (v/v) to stop crosslinking. 
Beads were treated with ethanolamine 0.01% (v/v) for 90 min at 30 °C. The integrity 
of crosslinked immobilized enzyme was examined by incubating in I.O M methyl-a-
D-glucopyranoside for 2 h. 
3.2.5. Assay of p galactosidase 
The p galactosidase activity was determined as described in Chapter II, 
Section 2.2.6. 
3.2.6. Protein estimation 
Protein concentration was determined by using procedure described in Chapter 
11, Section 2.2.7. 
3.2.7. Effect of temperature on soluble and immobilized p galactosidase 
The activity of soluble and immobilized p galactosidase (2.0 U) was assayed 
in 0.1 M sodium acetate buffer, pH 4.6 at various temperatures (30-80 °C) for 15 min. 
p Galactosidase activity was determined as described in Chapter II, Section 2.2.6. 
Soluble and immobilized p galactosidase preparations were incubated at 60 **C 
in 0.1 M sodium acetate buffer, pH 4.6 for varying times. Aliquots of each preparation 
(2.0 U) were removed at indicated time intervals and chilled quickly in crushed ice for 
5 min. The enzyme was brought at room temperature and kept at least for 15 min. The 
activity of enzyme obtained without incubation at 60 ^C was taken as control (100%) 
for the calculation of remaining percent activity. 
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3.2.8. Effect of urca/magnesium/calcium ions/galactose on soluble and 
immobilized p galactosidase 
Soluble and immobilized p galactosidase was incubated in 4.0 M urea 
dissolved in 0.1 M sodium acetate buffer, pH 4.6. Aliquots of each preparation (2.0 
U) were removed at various time intervals and activity was determined. The activity 
of p galactosidase obtained without incubation with urea was taken as control (100%) 
for the calculation of remaining percent activity. 
The effect of various concentrations of magnesium chloride/calcium 
chIoride/galactose (1.0-5.0%, w/v) on the activity of soluble and immobilized p 
galactosidase (2.0 U) was independently investigated in O.I M sodium acetate buffer, 
pH 4.6. The activity of p galactosidase obtained without incubation with magnesium 
chloride/calcium ch I oride/ga lactose was taken as control (100%) for the calculation of 
remaining percent activity. 
3.2.9. Determination of Kiapp value of soluble and immobilized p galactosidase 
Kiapp value was calculated by using the following equation as described in text 
(Chapter II, Section 2.2.10). 
Io-^ I-v./Vo=Ki (H-[S]o / K.) Vi/Vo + [Eo] 
Kiapp "=^1(1 + [S]o/ Km), where [I]o, [Eo] and [S]g are the initial concentrations of 
galactose, p galactosidase and ONPG, respectively, VQ is the velocity without added 
galactose and Vi is the velocity in the presence of galactose (Henderson, 1972). 
3.2.10. Storage stability of soluble and immobilized p galactosidase 
Soluble and immobilized p galactosidase preparations were stored at 4 "C in 
0.1 M sodium acetate buffer, pH 4.6 for over 2 months. The aliquots from each 
preparation (2.0 U) were taken in duplicates at the gap of 10 d and were then analyzed 
for the remaining enzyme activity. The enzyme activity measured first day was 
considered as control (100%) for the calculation of further remaining storage activity. 
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3.2.11. Hydrolysis of lactose from whey/milk by p galactosidase in batch process 
Whey and skimmed milk was prepared as described in Chapter II, Section 
2.2.13. Whey and skimmed milk each (500 mL) was independently treated with 220 
U and 440 U of soluble and immobilized p galactosidase in batch process for varying 
time intervals, respectively. The aliquots of each preparation (250 y,L} were taken and 
the hydrolysis of lactose was estimated by glucose oxidase/peroxidase assay 
procedure as described in Chapter II, Section 2.2.8 (Hatton and Regoeczi, 1976). 
Separate control lubes were also taken in which untreated whey/milk was present. The 
acid hydrolyzed lactose product was considered as control (100%) for the calculation 
of enzymatic percent lactose hydrolysis. 
3.2.12. Statistical analysis 
The statistical analysis was done as described in Chapter II, Section 2.2.15. 
3.3. RESULTS 
Calcium alginate-starch beads retained nearly 76% of the original activity. 
However, the crosslinking of immobilized enzyme by glutaraldehyde resulted in a 
marginal loss of enzyme activity and it retained nearly 71% of the initial activity 
(Tabic 8). The integrity of crosslinking was examined by incubating beads in I.O M 
methyl-a-D-glucopyranoside for 2 h. No enzyme activity was released from the beads 
crosslinked by glutaraldehyde; it indicated complete crosslinking of the immobilized 
enzyme. 
3.3.1. Effect of temperature on soluble and immobilized p galactosidase 
The temperature-optimum of the immobilized p galactosidase shifted from 50 
°C to 60 °C. Immobilized [3 galactosidase retained significantly higher activity at 
various temperatures as compared to its soluble form (Figure 13). 
Figure 14 illustrates the thermal denaturation of soluble and immobilized P 
galactosidase. Immobilized p galactosidase retained nearly 65% activity even after 5 h 
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incubation at 60 °C whereas the soluble enzyme sho\\^d a marginal activity of only 
2% under similar experimental conditions. 
3.3.2. Effect of urea/magnesium/calcium ions/galactose on soluble and 
immobilized p galactosidase 
The urea-induced denaturation of soluble and immobilized p galactosidase has 
been demonstrated in Figure 15. The soluble enzyme lost its complete activity after 2 
h exposure to 4.0 M urea at 37 °C while the immobilized p galactosidase showed 43% 
of the initial activity under identical incubation conditions. 
Figure 16 shows the effect of magnesium chloride (1.0%-5.0%, w/v) on the 
activity of soluble and immobilized p galactosidase. There was a gradual increase in 
the activity of soluble P galactosidase when it was exposed upto 3% MgCl2 for 1 h at 
37 "C, however, the activity of the enzyme decreased on exposure to higher 
concentrations of MgCii. Immobilized p galactosidase exhibited increased activity on 
exposure upto 5.0% of MgCb-
Calcium is one of the constituents of milk. Therefore, it is necessary to 
evaluate the stability of immobilized p galactosidase in the presence of different 
concentrations of calcium chloride (Figure 17). The exposure of soluble p 
galactosidase to 5.0% calcium chloride for 1 h at 37 °C resulted in a loss of 52% of its 
original activity whereas the immobilized p galactosidase retained 61% activity under 
similar treatment. 
Galactose is one of the products of p galactosidase catalyzed hydrolysis of 
lactose. The effect of various concentrations of galactose (1.0-5.0%, w/v) has been 
shown in Figure 18. Soluble p galactosidase resulted in a loss of 71% activity on 
exposure to 5.0% galactose for 1 h at 37 "C while the immobilized enzyme retained 
nearly 50% of the original activity under similar treatment. Kiapp value of soluble and 
immobilized p galactosidase has been demonstrated in Table 9. ImmohilizQd p 
galactosidase exhibited greater Kiopp values as compared to its free form. 
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Table 8: Immobilization of p galactosidase on the surface of Con A layered 
calcium alginate-starch beads 
Enzyme 
preparation 
Enzyme adsorbed 
on the surface of 
beads 
Enzyme adsorbed 
on the surface of 
beads and 
orosslinked by 
glutaraldehyde 
Enzyme 
activity 
loaded (X) 
U 
2100 
-
Enzyme 
activity in 
washes 
(Y) 
U 
250 
-
Activity bound/g 
alginate starch beads 
Theoretical 
(X-Y)=A 
\Z50 
1850 
Actual=B 
1406 
1314 
Activity 
yield 
(B/AX 
100) 
76 
71 
Each value represents the mean for three-independent experiments performed in 
duplicates, with average standard deviation. <5%. 
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Figure 13: Temperature-activity profiles of soluble and immobilized p 
galactosidase 
The activity of soluble and immobilized p galactosidase (2.0 U) was 
measured in 0.1 M sodium acetate buffer, pH 4.6 at various 
temperatures. The activity obtained at 50 °C for soluble and 60 °C for 
immobilized enzyme was taken as control (100%) for calculation of 
reriaining percent activity. 
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Figure 14: Thermal denaturation of soluble and immobilized p galactosidase 
Soluble and immobilized [3 galactosidase was incubated at 60 **C in 0.1 
M sodium acetate buffer, pH 4.6 for various time intervals. The 
aliquots from both enzyme preparations (2.0 U) were collected after 
each incubation time and chilled quickly in ice at least for 5 min. The 
activity of the enzyme was determined as described in the iQxX 
(Chapter 11, Section 2.2.6). The enzyme without exposure at 60 °C was 
considered as control (100%) for the calculation of remaining percent 
activity. 
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Soluble a galactosidase 
Immcbilized & galactosidase 
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Time (min) 
Figure 15: Effect of urea on soluble and immobilized p galactosidase 
Soluble and immobilized p galactosidase was incubated in 4.0 M urea 
dissolved in 0.1 M sodium acetate buffer, pH 4.6 at 37 °C. Aliquots 
from each preparation (2.0 U) were removed at various time intervals 
and activity was determined as described in the text (Chapter II, 
Section 2.2.6). Each enzyme preparation without urea exposure was 
considered as control (100%) for the calculation of remaining percent 
activity. 
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Figure 16: Effect of magnesium cliloride on soluble and immobilized p 
gaUictosidase 
Soluble and immobilized p galactosidase (2.0 U) were incubated with 
increasing concentrations of magnesium chloride (1.0-5.0%, w/v) in 0.1 
M sodium acetate buffer, pH 4.6 for 1 h at 37 °C. The activity of the 
enzyme was determined as described in the text (Chapter II, Section 
2.2.6). Enzyme preparation without MgCb exposure was considered as 
control (100%) for the calculation of residual activity in the presence of 
MgCl2. 
77 
Chapter III 
Soluble Q galactosidase 
Immobilized Q galactosidase 
2 3 
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Figure 17: Effect of calcium chloride on soluble and immobilized p 
gal.ictosidase 
Soluble and immobilized p galactosidase (2.0 U) were incubated with 
increasing concentrations of calcium chloride (1.0-5.0%, w/v) in 0.1 M 
sodium acetate buffer, pH 4.6 for 1 h at 37 ""C. The activity of the 
enzyme was determined as described in the text (Chapter II, Section 
2.2.6). The activity of enzyme without CaCb exposure was considered 
as control (100%) for the calculation of remaining percent activity. 
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Soluble Q galactosidase 
Immobilized & galactosidase 
Galactose (%) 
Figure IS: Effect of galactose on soluble and immobilized p galactosidase 
Soluble and immobilized p galactosidase (2.0 U) were incubated with 
increasing concentrations of galactose (1.0-5.0%, w/v) in 0.1 M 
sodium acetate buffer, pH 4.6 for 1 h at 37 ^C. The activity of the 
enzyme was determined as described in the text (Chapter II, Section 
2.2.6). The activity of enzyme without galactose pre-exposure was 
considered as control (100%) for the calculation of remaining percent 
activity. 
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Table 9: Ki^ pp of soluble and immobilized p galactosidase in the presence of 
galactose 
Cialactose 
(%, w/v) 
I 
2 
3 
4 
5 
(Ki.ppxl0-^M) 
Soluble 
p galactosidase 
209.35 ±1.63 
163.48 ±1.56 
146.23 ±2.56 
140.02 ±3.2 
125.01 ±1.56 
Immobilized 
p galactosidase 
327.06 ±2.65 
235.55 ±3.2 
192.90 ±1.45 
171.14 ±2.4 
152.55 ±1.25 
K. lapp"i^'apparcnl 
The Kiapp values were calculated to explain galactose inhibition in terms of 
competitive inhibition mechanism as described in the text (Chapter H, Section 2.2.9). 
Each value represents the mean for three-independent experiments performed in 
duplicates, with average standard deviation, <5% 
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3.3.3. Storage stability of soluble and immobilized p galactosidase 
Immobilized p galactosidase retained significantly higher stability on storage 
for over 2 months at 4 °C. This immobilized enzyme preparation retained 61% of the 
initial activity even after 2 months storage at 4 "C whereas soluble enzyme lost nearly 
63% of its activity (Table 10). 
3.3.4. Lactose hydrolysis in batch process 
Table 11 describes the hydrolysis of lactose from whey and milk by soluble 
and immobilized p galactosidase in batch process at 37 °C. It was noticed that 70% 
and 89% of lactose was hydrolyzed from whey by soluble and immobilized p 
galactosidase (220 U) in 3 h. Moreover, the hydrolysis of lactose from milk required 
more soluble and immobilized p galactosidase. Soluble and immobilized P 
galactosidase (440 U) could hydrotyze 61% and 79% lactose from milk in batch 
process after 4 h treatment, respectively. 
3.4. DISCUSSION 
Here an attempt has been made to synthesize a hybrid gel of alginate and 
starch which would help in the immobilization of p galactosidase on the large surface 
area of calcium alginate gel. Due to the presence of starch in calcium alginate beads, 
this support is available for the surface immobilization of lectin, Con A. These gel 
beads were layered with Con A by using jack bean extract. 
Alginate has been the most widely used polymer for the immobilization and 
microencapsulation of enzymes and cells (Funduenanu et al.y 1999; Velten et al., 
1999; Prashanth and MuHmani, 2005). The leaching of the enzyme from support 
could be prevented by crosslinking the immobilized enzyme with glutaraidehyde 
(Table 8). Hennink and Nostrum (2002) have demonstrated that the crosslinking of 
the enzyme with glutaraidehyde improved both binding efficiency and reusability of 
the immobilized enzymes but the enzyme activity was decreased. 
81 
Chap. term 
Table 10: Stora3;e stability of soluble and immobilized p galactosidase 
Number of 
days 
Control 
10 
20 
30 
40 
50 
60 
Remaining activity (%) 
Soluble 
P galactosidase 
100 
89 ±2.85 
72 ±1.96 
65 ±1.65 
58 ±3.40 
48 ±1.69 
37 ±2.10 
Immobilized 
p galactosidase 
100 
97 ±1.54 
95 ±1.69 
90 ±1.56 
82 ±2.01 
71 ±2.58 
61 ±2.16 
Soluble and immobilized p galactosidase was stored at 4 "C in 0.1 M sodium acetate 
buffer, pH 4.6 for over 2 months. The aliquots of enzyme (2.0 U) were taken in 
duplicates at the gap of 10 d and were then analyzed for the remaining enzyme 
activity. The enzyme activity measured on the first day was considered as control 
(100%) for calculation of remaining storage activity. Each value represents the mean 
for three independent experiments performed in duplicates, with average standard 
deviation, <5%. 
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Table 11: Enzymatic hydrolysis of lactose from whey/milk by immobilized p 
galactosidase 
Time 
1 
2 
3 
4 
5 
Lactose hydrolysis 
Whey 
Soluble p 
galactosidase 
Moles of 
glucose 
formed 
per 500 
mL 
0.19 ±0.0)2 
0.22 ±0.025 
0.24 ±0.002 
0.24 ±0.013 
0.24 ±0.0 il 
percent 
55 ±2.30 
64 ±2.10 
70±1.51 
70 ± 1.36 
70 ±1.70 
Immobilized p 
galactosidase 
Moles of 
glucose 
formed 
per 500 
mL 
0.16 ±0.032 
0.25 ±0.004 
0.29 ±0.006 
0.29 ±0.012 
0.29 ±0.042 
percent 
46 ±2.3 
72 ± 1.7 
89 ±1.92 
89 ±2.1 
89 ±1.51 
Milk 
Soluble P 
galactosidase 
Moles of 
glucose 
formed 
per 500 
mL 
O.II ±0.006 
0.14 ±0.002 
0.20 ±0.015 
0.21 ±0.020 
0.21 ±0.003 
percent 
43 ±2.10 
50 ±1.36 
57 ±1.78 
61 ±2.65 
61 ±2.90 
Immobilized p 
galactosidase 
Moles of 
glucose 
formed per 
500 mL 
0.12 ±0.008 
0.19 ±0.051 
0.22 ±0.002 
0.26 ±0.036 
0.26 ±0.004 
percent 
38 ±1.98 
55 ±1.32 
64 ±2.76 
79 ±2.87 
79 x2.22 
Skimmed milk and whey (500 mL) were independently treated with p galactosidase 
440 U and 220 U in batch process at 32 °C, under stirred conditions. The aliquots 
from treated milk and whey (250 fxL) were taken out at indicated time intervals for 5 
h. The hydrolysis of lactose was estimated by glucose oxidase/peroxidase assay 
procedure as described in the text (Chapter II, Section 2.2.8). Each value represents 
the mean for three independent experiments performed in duplicates, with average 
standard deviation, <5%. 
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Immobilized p galactosidase preparation was remarkably more stable against 
denaturation mediated by heat and urea (Figure 13-15). The shift in temperature-
optima for immobilized p galactosidase as compared to free enzyme towards higher 
temperatures, exhibited significantly high stabilization against heat induced 
inactivation (Figure 13). Ei-Masry et al. (2001a) showed that p galactosidase from 
Aspergillus oryzae immobilized via diazotization or condensation on nylon 
membranes grafted with glycidyl methacrylate had higher temperature-optimum in 
comparison to the free counterpart. The immobilized enzyme possessed a better heat 
resistance than free enzyme (Figure 14). It can be explained by stating that the 
procedure for enzyme immobilization could protect the conformation of the active site 
from distortion or damage by heat exchange (Zhou and Chen, 2001a). Bayramoglu et 
al. (2007) reported the immobilization of p galactosidase from Escherichia coli onto 
magnetic poly beads, led to an increase in its stability when incubated at high 
temperature. Thus, immobilized p galactosidase could work in harsh environmental 
conditions with less activity loss as compared to soluble p galactosidase. 
Improvement in thermal stability of immobilized enzyme preparation is due to 
multipoint attachment of enzyme with glutaraldehyde. Crosslinking of enzymes with 
bi-functional or multi-functional agents enhanced its thermal stability. This 
enhancement in thermal stability is due to formation of several linkages between 
enzyme and support (Musthapa et a!., 2003). 
Urea at a concentration of 4.0 M is a strong denaturant of protein and this 
irreversibly denatures the enzyme. However, we have shown that immobilized p 
galactosidase was quite stable against the inactivation caused by urea exposure 
(Figure 15). Several studies have reported that protein is unfolded by the direct 
interaction of urea molecule with a peptide backbone via hydrogen 
bonding/hydrophobic interaction, which contributes to the maintenance of protein 
conformation (Makhatadze et al, 1992). Urea usually denatures protein, decreasing 
the hydrophobic effect and direct binding to the amide units via hydrogen bonds with 
overall exothermic interaction (Ruiz et al, 2003). However, immobilization and 
XTQatmQni of several enzymes with crosslinking reagents has been shown to result in 
an enhancement of their resistance to denaturation. Crosslinking of enzyme protects it 
from urea-induced denaturation (Khan et al, 2006). 
84 
Chapter m 
Immobilized p galactosidase exhibited increased activity on exposure upto 
5.0% MgC]2 (Figure 16). The activity of immobilized enzymes increased in the 
presence of Mg"^ ^ ions was also supported by an earlier report which suggested that 
Mg^"*" ions are important for the activity of p galactosidase (Andrews, 1994; Kim et 
al, 1997). The high resolution structure of Escherichia coli p galactosidase showed 
that there are several metal binding sites and particularly an Mg^"*" binding site, which 
leads to an increase in enzyme activity (Sutendra et al., 2007). This immobilized 
enzyme preparation looks remarkably stable against inactivation caused by excess 
CaCb (Figure 17). Lee et al. (2003) had reported that the activity of p galactosidase 
was inhibited in the presence of calcium chloride. Fernandes et al. (2002) also showed 
that Ca^"*" ions inhibit the activity of p galactosidase isolated from Pseudoalteromonas 
sp. These findings suggested that soluble p galactosidase resulted in a loss of its 
activity in the presence of 5.0% CaCb, while the immobilized p galactosidase retained 
significantly high activity. Thus, the process of lactose hydrolysis in milk will not be 
much affected by the presence of Ca^ "^  ions when immobilized p galactosidase would 
be used in reacto's. 
Immobilized p galactosidase exhibited greater Kiapp values as compared to its 
free form (Figure 18). Higher Kiapp values for immobilized p galactosidase showed 
greater stabilization against product, galactose inhibition (Table 9). As p galactosidase 
was immobilized on the surface of calcium alginate-starch hybrid beads the substrate 
would be more accessible to the active sites of the enzyme and thus the problem of 
end product inhibition by galactose can be minimized when this preparation would be 
used in reactors for the hydrolysis of lactose. Some earlier investigators have also 
reported that p galactosidase immobilized on different matrices exhibited higher Kiapp 
values as compared to their soluble counterparts (Pessela et al., 2003). 
Calcium alginate-starch beads surface immobilized p galactosidase was more 
superior in stability on prolonged storage at 4 °C (Table 10). Goddard et al. (2007) 
had reported the covalent attachment of p galactosidase from Kluyveromyces lactis to 
low density polyethylene films. Covalently attached lactase films stored in phosphate 
buffer pH 6.8 at 5 °C showed a decrease in activity by 22% to 23% per week during 
storage. Thus, the calcium alginate-starch beads surface immobilized p galactosidase 
would be employed for the successful hydrolysis of lactose in whey and milk in 
reactors without losing much activity. 
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The rate of hydrolysis of lactose in whey and milk was dependent on the 
activity of {5 galactosidase which in turn depends on the reaction conditions like 
concentration of enzyme, pH, temperature and processing time (Panesar et al., 2007). 
Higlier lactose hydrolysis was seen in whey as compared to skimmed milk (Table 11). 
However, in our earlier work (Chapter II) entrapped crosslinked Con A-p 
galactosidase (400 U) hydrolyzed 86% of lactose from whey (500 mL) and 77% of 
lactose was hydrolyzed by entrapped crosslinked Con A-p galactosidase (1000 U) in 3 
h from milk (500 mL) in batch process at room temperature. Thus, p galactosidase 
immobilized on the surface of calcium alginate-starch hybrid beads was far more 
efficient in the hydrolysis of lactose as it needed less enzyme units for the hydrolysis 
of lactose as compared to entrapped crosslinked Con A-p galactosidase. As the pH of 
whey ranges from 4.5-5.0 and the pH of milk ranges from 6.5-6.8, Aspergillus oryzae 
p galactosidase showed 100% activity at pH 4.6. Since it has an acidic optimum, its 
activity considerably decreased at pH 7.0. The Aspergillus enzymes are preferred for 
the hydrolysis of lactose in whey due to their acidic pH-optima and high thermal 
stabih'ty. p Galactosidase from Kluyveromyces lactis immobilized onto graphite 
surface using glutaraldehyde as a crosslinking reagent was incubated in 100 mL, 5% 
(w/v) lactose solutions at 37 °C. The degree of lactose hydrolysis was found to be 
70% within 3 h. However, when the temperature was increased to 50 '^ C half of the 
lactose was hydrolyzed after 3 h (Zhou & Chen, 2001b). 
Here an elegant and simple method has been developed for the immobilization 
of glycosylated enzyme on the large surface area of calcium alginate-starch beads. As 
p galactosidase was immobilized on the surface of calcium alginate-starch beads the 
substrate would be more accessible to the active sites of the enzyme and the problem 
of end product inhibition can be minimized when this preparation would be used in 
reactors for the continuous hydrolysis of lactose. Moreover, the calcium alginate-
starch support used for the immobilization of p galactosidase is less expensive than 
many other types of supports. Immobilized enzyme has also exhibited significantly 
very high stability against various types of denaturants and on storage. Immobilized p 
galactosidase could successfully be employed for the hydrolysis of lactose from whey 
and milk in batch processes. In view of its stability and utility in batch processes such 
type of enzyme preparation could be exploited for the hydrolysis of lactose in a 
continuous reactor at a large scale. 
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4.1. INTRODUCTION 
p Galactosidase or lactase is the common name for lactase-phlorizin hydrolase 
(LPH), an enzyme located in the brush border of small intestinal enterocytes that is 
necessary for the digestion of lactose. Human LPH is encoded by the lactase gene 
located on the long arm of chromosome 2 (Kerber et al, 2007). Lactose intolerance 
occurs in children shortly after weaning, when production of the lactose-digesting 
enzyme, lactase is down regulated in the gut (Stefano et al., 2000). The symptoms of 
lactose intolerance tend to be primarily gastrointestinal in origin (Wilson, 2005). 
When lactase is absent or deficient, hydrolysis of lactose is incomplete as it is 
osmotically active, ihe undigested sugar will pull fluid into the intestine. Thus, these 
lactose intolerant people are discouraged from consuming milk and may lose a major 
source of calcium and high quality protein from their diets (Suarez et aL, 1995; Vesa 
et aL, 2000; Heyman, 2006). 
Lactose deposited in the lumen of small intestine can be hydrolyzed by p 
galactosidase given orally to lactose intolerant people. However, soluble enzyme has 
problem of stability when it passes through ali*nentary canal. Immobilized enzymes 
are generally more stable and there are many potemifl applications that range from 
chemical synthesis to biotechnology and medicine (Liang et ai, 2000). 
Immobilization of p galactosidase in liposomes may be useful in order to overcome 
the shortcoming of lactose hydrolysis, p Galactosidase microencapsulation in lipid 
vesicles has been delivered for treating lactose intolerance but there was a problem of 
contact between the enzyme and substrate (Walde and Ichikawa, 2001; Monnard, 
2003; Nogales and Lopez, 2006). Very few immobilized p galactosidase preparations 
have shown their potential in targeting lactose present in small intestine. Based on 
applications, there are many different types of polymers used for enzyme 
immobilization (Prokop et al, 1998). Chitosan is biocompatible and has been used in 
many applications including drug delivery systems. The disadvantage of chitosan is 
its limited solubility in water and the low pH of chitosan solution tends to denature 
most proteins and cells (Taqieddin et ai, 2002). Starch is a high Mr polymer and is 
used as the coating polymer which afforded the probiotic strain survives in the 
adverse environmental conditions (O'Riordan et al, 2001; Lanthong et al, 2006). 
Now need has arisen to develop such a preparation where enzyme would be 
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immobilized on the large surface area of the support and it could easily hydrolyze 
lactose deposited in the lumen of small intestine. 
Here an attempt has been made to immobilize P galactosidase on the large 
surface area of Con A layered calcium alginate-starch beads. In order to examine the 
suitability of this immobilized p galactosidase as oral therapeutic agent for the 
treatment of patients suffering from lactose intolerance, we have studied the stability 
of immobilized p galactosidase against the conditions of alimentary canal/digestive 
system, such as varying pH, trypsin, pepsin and salivary a amylase. The reusability of 
immobilized enzyme was also investigated in the buffers of varying pH. 
4.2. MATERIALS & METHODS 
4.2.1. Materials 
Aspergillus oryzae [G-7138, Lotl21H0055] P galactosidase (3.2.1.23), 
galactose and glucose were obtained from Sigma Chem. Co. (St. Louis, MO) USA. 
Starch, o-nitrophenyl p-D-galactopyranoside (ONPG), glutaraldehyde, ethanolamine 
were obtained from SRL, Chem. Mumbai, India. Sodium alginate was the product of 
Koch-Light Lab. Colnbrook, UK. Jack bean meal was procured from DIFCO, Detroit, 
USA. All other chemicals and reagents used were of analytical grade. 
4.2.2. Preparation of calcium alginate-starch beads 
The calcium alginate-starch beads were prepared as described in Chapter III, 
Section 3.2.2. 
4.2.3. Binding of Con A on the surface of calcium alginate-starch beads 
The binding of Con A on the surface of calcium alginate-starch beads was 
done as described in Chapter III, Section 3.2.3. 
4.2.4. Crosslinking of immobilized p galactosidase 
P Galactosidase immobilized on the surface of Con A layered calcium 
alginate-starch beads was crosslinked by 0.5% (v/v) glutaraldehyde for 2 h at 4 °C. 
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Ethanolamine was added to a final concentration of 0.01% (v/v) to stop crosslinking. 
Beads were treated with ethanolamine 0.01% (v/v) for 90 min at 30 "C. The integrity 
of crosslinking was examined by incubating beads in 1.0 M methyl-a-D-
glucopyranoside for 2 h. 
4.2.5. Assay of p galactosidase 
The p galactosidase activity was determined as described in Chapter II, 
Section 2.2.6. 
4.2.6. Protein estimation 
Protein concentration was determined by using dye binding method as 
described in Chapter II, Section 2.2.7. 
4.2.7. Effect of pH on soluble and immobilized p galactosidase 
The activity of soluble and immobilized p galactosidase (2.0 U) was measured 
in the buffers of various pH. The buffers used were glycine-HCl (pH 2.0 and 3.0), 
sodium acetate (pH 4.0-6.0) and Tris-HCl (pH 7.0-10.0). The molarity of each buffer 
was 0.1 M. The activity at pH 4.6 was taken as control (100%) for the calculation of 
remaining percent activity. 
4.2.8. Stability of soluble and immobilized p galactosidase at pH 2.0, 4.6 and 7.0 
The stability of soluble and immobilized p galactosidase was monitored by 
incubating the enzyme in the buffers of different pH (2.0, 4.6 and 7.4) for various 
time intervals at 37 °C. After incubation in varying buffers, beads were washed with 
assay buffer and their activity was determined by using ONPG as substrate. 
4.2.9. Reusability of immobilized p galactosidase in the buffers of varying pH 
The activity of immobilized p galactosidase in triplicates was initially checked 
in 0.1 M sodium acetate buffer, pH 4.6. Immobilized p galactosidase was taken out 
from the assay tubes and washed and dried carefully on Wattman's filter paper and 
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incubated in 0.1 M glycine-HCl buffer, pH 2.0 for determining the activity with 
ONPG. These beads were further washed and dried on fiher paper and the same beads 
were incubated in Tris-HCl buffer, pH 7.4, for determining the activity of p 
galactosidase. The same procedure was repeated after 30 min, 60 min and 120 min for 
assaying the remaining activity. 
4.2.10. Effect of salivary amylase on immobilized p galactosidase 
Con A layered calcium alginate-starch beads surface immobilized p 
galactosidase (2.0 U) was incubated with increasing concentrations of salivary a 
amylase (20-200 U) in 0.1 M sodium acetate buffer, pH 4.6 for 4 h at 37 °C. The 
activity of the enzyme without salivary amylase treatment was considered as control 
(100%) for the calculation of remaining percent activity. 
4.2.11. Effect of trypsin/pepsin on soluble and immobilized p galactosidase 
Soluble and irmnobiUzed p galactosidase (2.0 U) was incubated with 
increasing concentrations of trypsin/pepsin (0.025-0.150 mg mL'') at 37 °C for 1 h. 
After incubation period, the p galactosidase activity was determined as described in 
the assay procedure (Chapter II, Section 2.2.6). 
4.2.12. Reusability of immobilized p galactosidase 
Immobilized p galactosidase was taken in triplicates and was assayed for its 
activity. After each assay, beads were taken out, washed carefiilly and stored in 0.1 M 
sodium acetate buffer, pH 4.6 for 6 h. This procedure WiS repeated for six successive 
cycles. The activity determined for the first time was considered as control (100%) for 
the calculation of remaining percent activity after each use. 
4.2.13. Statistical analysis 
The diameter of the calcium alginate-starch beads (0.33 cm) was calculated by 
Vernier Callipers with the least count of 0.01 cm. The statistical analysis was done as 
described in Chapter II, Section 3.2.15. 
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4.3. RESULTS 
4.3.1. Immobilization of p galactosidase on the surface of Con A layered calcium 
alginate-starch beads 
The calcium alginate-starch beads were spherical in shape, the area calculated 
was found to be 341.94 X 10"^  cm^. The volume of the spherical beads was 18.80 X 
10"^  cm^ Table 8 demonstrates the immobilization of p galactosidase on Con A 
layered calcium alginate-starch beads. Surface immobilized and crosslinked p 
galactosidase exhibited 71% of the initial activity. 
4.3.2. Effect of pH on the activity of soluble and immobilized p galactosidase 
Figure 19 demonstrates pH-activity profiles of soluble and immobilized p 
galactosidase. The soluble and immobilized p galactosidase showed same pH-optima 
at pH 4.6. However, the immobilized enzyme had a significant broadening in the pH-
activity profile as compared to the soluble enzyme. Immobilized p galactosidase 
retained very high activity at acidic and alkaline side of the pH-optima than the 
soluble enzyme. Immobilized p galactosidase retained 84% and 95% of original 
activity, whereas the soluble enzyme showed 52% and 78% activity at pH 3.0 and 5.0. 
The pH stability was monitored by incubating the soluble and immobilized 
enzyme in the buffers of various pH (2.0, 4.6 and 7.4) for varying times. There was no 
appreciable loss in the activity of immobilized p galactosidase when it was incubated 
in the buffer of pH 4.6 for 5 h whereas soluble enzyme has exhibited a loss of 9% 
activity under similar experimental conditions (Table 12). Thus, soluble p 
galactosidase showed decrease in its activity, whereas immobilized p galactosidase 
has no significant change in its activity even after 5 h incubation at pH 4.6. The 
soluble and immobilized P galactosidase showed 22% and 67% activity at pH 2.0 and 
11% and 45% activity at pH 7.4 after 5 h incubation, respectively. 
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Figure 19: pH-activity profiles of soluble and immobilized p galactosidase 
The enzyme activity of P galactosidase preparations (2.0 U) was 
measured in the buffers of various pH, The buffers used were glycine-
HCl (pH 2.0 and 3.0), sodium acetate (pH 4.0-6.0), and Tris-HCl (pH 
7.0-10.0). The molarity of each buffer was O.I M. The activity at pH 
4.6 was taken as control (100%) for the calculation of remaining 
percent activity. 
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Table 12: Effect of time on the stability of soluble and immobilized p 
galactosidase at varying pH 
Time 
(min) 
0 
30 
60 
120 
180 
240 
300 
Remaining activity (%) 
pH2.0 
SpG 
39.63 ±0.75 
37.68 ±1.73 
34.77 ±1.17 
30.70 ±1.32 
27.56 ±0.65 
25.27 ±0.93 
22.09 ±0.97 
IpG 
70.56 ±0.59 
70.53 ±0.85 
69.76 ±1.49 
68.73 ±0.73 
68.22 ±1.61 
68.19 ±1.43 
66.71 ±0.67 
pH4.6 
SpG 
99.58 ±0.58 
99.42 ±0.54 
96.58 ±0.49 
93.93 ±1.01 
92.45 ±0.98 
91.32 ±1.23 
90.69 ±0.63 
IpG 
99.92 ±0.08 
99.73 ±0.25 
99.67 ±0.33 
99.02 ±0.18 
98.78 ±0.32 
98.60 ±0.48 
98.50 ±0.46 
pH7.4 
S P G 
24.82 ±1.29 
23.79 ±0.71 
20.45 ±0.84 
19.41 ±1.75 
17.02 ±1.20 
14.47 ±0.96 
10.65 ±0.80 
IpG 
S3.66±\.\0 
52.78 ±0.85 
52.04 ±0.78 
49.52 ±0.67 
48.62 ±1.32 
46.48 ±0.69 
45.04 ±0.81 
The stability of soluble and immobilized p galactosidase was examined by incubating 
the enzyme in the buffers of different pH (2.0, 4.6 and 7.4) for various times at 37 °C. 
After incubation in varying buffers for various times the beads were taken out and 
washed with assay buffer. The activity of enzyme was determined as described in 
Chapter 11, Section 2.2.6. Each value represents the mean for three-independent 
experiments performed in duplicates, with average standard deviation, <5%. 
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4.3.3. Reusability of immobilized p galactosidase in the buffers of varying pH 
In view of the severe conditions of acidity and bile concentrations found in the 
gastrointestinal tract, we have studied the activity of same immobilized enzyme 
preparation at different pH. The enzyme activity was first monitored at its optimum-
pH, pH 4.6 then the beads were exposed to pH 2!0 and the activity of same beads was 
determined. Finally the same beads were incubated in the buffer of pH 7,4, and again 
the activity was determined. After incubation for various times the beads were washed 
and activity was determined in the respective buffers. The initial activity of enzyme 
was found to be 71% and 54% at pH 2.0 and 7.4, respectively whereas after 60 min 
the activity of enzyme was 66% at pH 2.0 and 50% at pH 7.4. However, immobilized 
enzyme preparation retained 60% and 47% activity at pH 2.0 and pH 7.4 after 2 h 
incubation, respectively. These results thus suggested that prolonged incubation of 
immobilized [5 galactosidase in these buffers has no significant effect on its activity 
(Table 13). 
4.3.4. Effect of salivary amylase on immobilized p galactosidase 
The effect of a amylase on the activity of immobilized p galactosidase has 
been shown in Figure 20. The activity of immobilized p galactosidase was nearly 
constant on incubation with high concentrations of salivary amylase. 
4.3.5. Effect of pepsin/trypsin on soluble and immobilized p galactosidase 
The effect of increasing concentrations of pepsin/trypsin on soluble and 
.immobilized p galactosidase was demonstrated in Table 14. Immobilized p 
galactosidase showed no change in its activity till 0.050 mg mL'^ pepsin exposure for 
I h at 37 °C. Soluble p galactosidase showed 79% activity after exposure to pepsin 
(0.150 mg mL"') for 1 h, while the immobilized p galactosidase retained nearly 95% 
activity under similar incubation conditions. 
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Table 13: Reusability of immobilized p galactosidase in the buffers of varying pH 
Time of 
incubation 
(min) 
0 
30 
60 
120 
Remaining activity (%) 
pH2.0 
70.78±1.05 
68.88±0.98 
66.26±1.19 
59.59±1.45 
pH4.6 
99.57±0.48 
99.55 ±0.:i 
99.51 ±0.41 
99.50±0.22 
pH7.4 
53.77±0.83 
53.58±0.27 
49.58±0.82 
46.71±0.61 
The activity of immobilized p galactosidase in triplicates was initially checked in 0.1 
M sodium acetate buffer, pH 4,6. Immobilized p galactosidase was taken out from the 
assay buffer and washed and dried careiully on Wattman's filter paper and incubated 
in 0.1 M glycine-HCl buffer, pH 2.0 for determining the activity with ONPG. These 
beads were further washed and dried on filter paper and the same beads were 
incubated in Tris-HCl buffer, pH 7.4, for determining the activity of p galactosidase. 
The same procedure was repeated after 30 min, 60 min and 120 min for assaying the 
remaining activity. Each value represents the mean for three-independent experiments 
performed in duplicates, with average standard deviation, <5%. 
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Figure 20: Effect of salivary amylase on immobilized p galactosidase 
Con A layered calcium alginate-starch beads surface immobilized p 
galactosidase (2.0 U) was incubated with increasing concentrations of 
salivary amylase (20-200 U) in 0.1 M sodium acetate buffer, pH 4.6 for 
4 h at 37 °C. The activity of the enzyhie without salivary amylase 
treatment was considered as control (100%) for the calculation of 
remaining percent activity after a amylase exposure. The activity of the 
enzyme was determined as described in the text (Chapter 11, Section 
2.2.6). 
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Table 14: Effect of trypsin/pepsin on soluble and immobilized p galactosidase 
Concentration 
(mg mL"') 
Control 
0.025 
0.050 
0.075 
0.100 
0.125 
0.150 
Remaining activity (%) 
Trypsin 
S p G I p G 
99.61 ±0.27 
n4.62±1.54 
128.67±1.76 
134.37±0.77 
120.85ztO.21 
102.12±1.3I 
95.52 ±0.79 
99.78 ±0.23 
123.33 ±0.68 
139.28 ±1.38 
145.08 ±1.29 
143.85 ±0.33 
141.76 ±0.23 
141.50 ±0.52 
Pepsin 
S p G I p G 
99.63 ±0.16 
96.62 ±0.37 
93.99 ±1.76 
89.58 ±1,13 
87.10±1.87 
83.41 ±1.13 
78.62 ±0.59 
99.90 ±0.01 
99,78 ±0.07 
98.90 ±0.24 
97.82 ±0.65 
96.62 ±1.12 
96.19 ±0.40 
95.11 ±0.41 
Soluble and immobilized p galactosidase (2.0 U) was independently incubated with 
increasing concentrations of pepsin/trypsin (0.025-0.150 mg mL'') in 0.1 M sodium 
acetate buffer, pH 4.6 for 4 h at 37 "C. The activity of the enzyme without 
pepsin/trypsin treatment was considered as control (100%) for the calculation of 
remaining percent activity. The activity of the enzyme was determined as described in 
the text (Chapter II, Section 2.2.6). Each value represents the mean for three-
independent experiments performed in duplicates, with average standard deviation, 
<5%. 
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The activity of soluble enzyme increased to nearly 135% when treated with 
trypsin (0.075 mg mL'') for 1 h and its activity became constant on adding increasing 
concentrations of trypsin. On exposure to higher concentrations of trypsin (> 0.100 
mg mL"'), the activity of soluble enzyme decreased whereas immobilized p 
galactosidase showed an enhancement in the activity to 145% under identical 
experimental conditions. 
4.3.6. Reusability of immobilized p galactosidase 
Figure 21 demonstrated the reusability of immobilized p galactosidase. 
Immobilized enzyme preparation retained 65% of the original activity after its sixth 
repeated use. 
4.4. DISCUSSION 
In order to immobilize enzyme on the large surface area of calcium alginate 
gel, a hybrid gel of calcium alginate-starch has been developed. These gel beads were 
layered with Con A by using jack bean extract. In order to make the preparation 
useful for human consumption without any side effects, we have immobilized 
glycosylated p galactosidase from Aspergillus oryzae on the surface of Con A layered 
calcium alginate-starch beads. 
If immobilized p galactosidase would be given orally to remove the lactose 
deposited in the lumen of small intestine, it has to pass through mouth, stomach and 
then through the intestine. Therefore, the examination of stability of immobilized 
enzyme against a amylase is necessary due to presence of starch in the support. The 
immobilized enzyme was not much affected by the presence of a amylase (Figure 20). 
Immobilized p galactosidase was significantly more stable on exposure to salivary 
amylase. Approximately one liter of saliva is secreted into the human mouth each day 
by three pairs of salivary glands. Saliva contains many enzymes, including salivary 
amylase, an enzyme which catalyzes the breakdown of starch into smaller molecules 
(HirtzeM/.,2005). 
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Figure 21: Reusability of immobilized p galactosidase 
The reusability of immobilized p galactosidase was monitored at the 
gap of 6 h. The beads were taken in triplicates and were assayed for the 
remaining activity. 
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Further, the immobilized enzyme has to reach in stomach and normally food 
stays there for more than 2 h. Due to extreme conditions of acidic media and pepsin, 
there are chances of loss of activity of immobilized p galactosidase. However, 
immobilized p galactosidase was found remarkably stable at pH 2.0 and digestion by 
pepsin (Table 12 and 14). Pepsin is a nonspecific acidic endopeptidase produced in an 
inactive precursor form (pepsinogen) in the mucosal lining of the stomach of 
vertebrates (Sun et al, 2005). Here, immobilized p galactosidase was not affected by 
this protease. It showed a marginal loss of 5% activity when exposed to pepsin (0.150 
mgmL- ' ) for lhat37°C. 
Immobilized p galactosidase retained remarkably very high reusable activity at 
pH 2.0, 7.4 and 4.6. Immobilized enzyme was quite stable over prolonged storage in 
these buffers (Table 12 and 13). 
Furthermore, irmnobilized p galactosidase will enter into small intestine where 
it meets the conditions of pancreatic and bile juices. Pancreatic juice contains 
proteolytic enzymes; chymotrypsin, trypsin etc. and bile juice makes the medium 
slightly alkaline. Immobilized p galactosidase has shown significant stability on long 
storage in the buffer of pH 7.4 (Table 12) and digestion by trypsin (Table 14). The 
activity of immobilized p galactosidase was constant to exposure over a wide range of 
trypsin. Trypsin is a proteolytic enzyme present in the intestine (Hinsberger and 
Sandhu, 2004). The trypsin present in the intestinal fluid could inactivate p 
galactosidase in strains of Propionibacterium freudenreichii but not in 
Propionibacterium acidipropionic (Zarate et aL, 2000). 
p Galactosidase immobilized on the surface of Con A layered calcium 
alginate-starch beads could be used for the hydrolysis of lactose present in the lumen 
of small intestine. Kim et al. (1999) showed lipid vesicle assisted lactose hydrolysis in 
which the entrapped p galactosidase was added to milk and released into the stomach 
by the presence of bile salts, allowing an 'in situ' degradation of lactose. Numerous 
methods of enzyme entrapment in liposomes have already been reported but the 
choice of an encapsulation method is a difficult compromise between QfficiQncy and 
preservation of catalytic activity (Nogales and Lopez, 2006). 
Immobilized p galactosidase retained 65% activity after sixth repeated use 
(Figure 21). The high cost of some of the enzymes used for industrial purposes and 
the time necessary for their immobilization and their subsequent use, have led to the 
increase in interest in the possibility of reusing the immobilized preparation 
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(Melgarejo et al, 2006). Enzyme reuse provides a number of cost effective 
advantages that are often an essential prerequisite for establishing an economically 
viable enzyme catalyzed process (Norouzian, 2003). Thus, we have tried to focus on 
the aspect that if the enzyme immobilized on the surface of beads were taken orally as 
. a drug it will greatly help in reducing the problem of lactose intolerance. The shape of 
these beads is spherical which would remarkably help in the hydrolysis of lactose as 
they can easily reach to the lumen of the small intestine and would help in the 
hydrolysis of lactose. 
Con A layered calcium alginate-starch beads bound p galactosidase has large 
surface area and the enzyme present on its surface can make easy contact with more 
substrate, p Galactosidase bound to the surface of calcium alginate-starch beads has 
no problem of substrate and product diffusion as it has been reported in case of 
microencapsulated and entrapped enzyme. Immobilized enzyme exhibited 
significantly higher activity and stability at different pH. This immobilized enzyme 
preparation was found to be remarkably stable against the inactivation mediated by a 
amylase, pepsin and trypsin. Immobilized p galactosidase also retained very high 
activity on its repeated uses. On the basis of these findings one can suggest that such 
immobilized enzyme preparation could be simply employed for the hydrolysis of 
lactose in lactose intolerant patients. 
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Chapter V 
5.1. INTRODUCTION 
p Galactosidases from different sources are currently being used in the production 
of lactose free milk products. Hydrolysis of lactose improves product sweetness, makes 
milk consumption easier by people who suffer from lactose intolerance, increases product 
quality and process efficiency in the dairy industry. Lactose is the main carbohydrate 
present in milk (4-5%) and dairy products. Its concentration in food products is indicative 
of the amount of lactose present in these products (Hatzinikolaou et al, 2005). Lactose is 
determined in dairy products in the milk industry in order to provide process efficiency 
and product quality control (Ozdural et al., 2003). There are several methods to detect 
lactose concentration such as spectrophotometry, polarimetry, titrimetry and 
chromatography. However these methods are tedious and time-consuming due to long 
samp/e preparatfon. T/iese disadvantages stlmuiated the development of a bioaffinity 
based methods for the detection of lactose (Merino et a/., 2005). 
Bioaffinity based methods have several advantages over the other known methods 
used for the immobilization of enzymes (Kulshrestha and Husain, 2006). It provides 
oriented immobilization of enzymes that facilitates good expression of activity and 
possibility of direct enzyme immobilization (Mislovicova et aL, 2000; Jan et ai, 2001). 
Among the bioaffinity pairs, the antigen and antibody pair is highly specific and this pair 
could be exploited for the immobilization of all kinds of enzymes. Immobilized 
antibodies have become powerful tools in biosensor technology, diagnostics and 
therapeutics (Karyakin et ai, 2000; Nisnevitch and Firer, 2001). In the last few years, 
purification of antibodies has grown to become the largest cass of proteins in clinical-
phase development intended for therapeutic and diagnostic applications (Guerrier et ai, 
2001; Tanaka et al., 2003; Zhu et ai, 2006). Antibodies are routinely recognized as 
analytical reagents in clinical and research laboratories. Two of their most common 
applications are in immunoassays and immunoafflnity separation but interest is also 
increasing in immunosensors (Haupt and Mosbach, 1998). 
Here an effort has been made to immobilize p galactosidase from Aspergillus 
oryzae on an immunoafflnity support, IgG-cellulose. The stability of immunoaffinity 
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immobilized [3 galactosidase has been investigated against denaturants such as pH, heat, 
urea, proteolytic enzymes (pepsin, trypsin), CaCl2 and galactose. Immunoaffinity support 
immobilized p galactosidase was also investigated for its storage stability and reusability. 
5.2. MATERIALS & METHODS 
5.2.1. Materials 
Aspergillus oryzae [G-7I38, LotI2IH0055] P galactosidase (3.2.1.23), cyanogen 
bromide (CNBr), galactose and glucose were obtained from Sigma Chem. Co. (St. Louis, 
MO) USA. Cellulose, DEAE-cellulose, o-nitrophenyl p-D-galactopyranoside (ONPG) 
and all chemicals used in electrophoresis and immunodiffusion were obtained from SRL 
Chem. Mumbai, India. All the other chemicals and reagents used were of analytical 
grade. 
5.2.2. Immunization 
Commercially available purified p galactosidase was injected into healthy male 
albino rabbits weighing 2-3 kg for the production of anti-p galactosidase polyclonal 
antibodies. The animals received subcutaneously 300 ^g of p galactosidase (0.5 mL) 
mixed and emulsified with equal volume of Freund's complete adjuvant as first dose. 
Booster doses of 150 ^g of p galactosidase mixed and emulsified with Freund's 
incomplete adjuvant were administered weekly after resting the animal for 15 d. After 
each booster dose blood was collected from the ear vein of the animal and allowed to clot 
at room temperature for 3 h. Serum was collected by centrifugation at 1600 xg for 20 min 
at 4 ""C and later it was decomplimented by incubating at 56 "C for 30 min. After adding 
sodium azide (0.2%) serum was stored at -20 ''C (Fatima and Husain, 2007). 
5.2.3. Purification and characterization of polyclonal antibodies 
The antiserum was fractionated with 20-40% ammonium sulphate. The sample 
was kept overnight with constant stirring at 4 °C to precipitate out proteins. The 
103 
Chapter V 
precipitated proteins were collected by centrifugalion at 1600 xg for 20 min at 4 °C. The 
pellet obtained was re-dissolved In a minimum volume of 0.02 M phosphate buffer, pH 
7.2 and was subjected to extensive dialysis against the same buffer to remove the traces 
of ammonium sulphate. 
Further antibodies against p galactosidase were purified by ion exchange 
chromatography. The dialyzed protein sample from ammonium sulphate precipitated 
antiserum was passed through DEAE-cellulose column (1.20 cm X 10.0 cm) and the 
fractions containing purified anti-p galactosidase antibodies were pooled for further use 
(Khan ei-t?/., 2005). 
Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) on 
12,5% gel under denaturing conditions and native PAGE on 7.5% gel were run to 
separate proteins present in DEAE-cellulose purified anti-p galactosidase antibodies 
(Laemmli, 1970). The staining and de-staining of the gel was also performed by the same 
procedure. Molecular weight marker proteins (myosin, 205 kDa; bovine serum albumin, 
66 kDa; ovalbumin, 45 kDa; carbonic anhydrase, 29 kDa; soybean trypsin inhibitor, 20 
kDa and lysozyme, 14.3 kDa) were also run in one lane adjacent to the purified IgG. 
5.2.4, Immunodiffusion 
Ouchterlony double immunodiffusion was used to prove the presence of 
antibodies against p galactosidase. Immunodiffusion was performed in 1.0% (w/v) 
agarose prepared in normal saline (Jan et al, 2001). The purified anti-p galactosidase 
antibodies were employed for preparing immunoaffinity support. 
5.2.5. Direct binding ELISA 
Polystyrene (96 well) microtiCre plate was coated with 100 pL of antigen (P 
galactosidase) at a concentration of 10 i^g/mL prepared in antigen coating buffer 
(bicarbonate buffer, 0.05 M, pH 9.6) and then incubated for 2 h at 37 °C followed by 
overnight storage at 4 °C. The wells were then washed three-times with TBS-T buffer. 
The unoccupied sites were blocked with 2% fat milk in TBS (150 pL, each well) 
followed by incubation for 5-6 h at room temperature. The wells were then washed twice 
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with TBS-T. The test and control wells were then diluted with 100 p.L of serially diluted 
serum. Each dilution was in TBS buffer. Serially diluted blanks corresponding to each 
dilution were also present. The plate was then incubated for 2 h at room temperature and 
kept overnight at 4 ^C. The plate was washed again with TBS-T buffer (five times). 
Bound antibodies were assayed with an appropriate conjugate of anti-rabbit IgG alkaline 
phosphatase, 100 [iL of it was coated in each well and kept at room temperature for 2 h. 
Washing of the plate with TBS-T (five times) and with distilled water (two times) was 
followed by addition of p-nitrophenyl phosphate (50 p.g/100 ^L) in each well and 
incubation at 37 °C for 30-45 min. The absorbance of each well was monitored at 405 nm 
on a Lab system ELISA Reader (Fatima and Husain, 2007). 
5.2.6. Preparation of immunoaffinity support 
Cellulose powder (5.0 g) was activated by cynogen bromide as described by 
Porath et al (1967). Cellulose was washed thoroughly with distilled water in a sintered 
glass funnel. The gel was sucked dry and suspended in 10.0 mL of 1.0 M NaiCOs and 
stirred slowly by placing on a magnetic stirrer at 4 "C for 30 min. CNBr (1.0 g) dissolved 
in 1.0 mL of acetonitrile was added to the beaker containing cellulose and was again 
stirred for 10 min in cold. The whole mass was transferred immediately to a sintered 
funnel and washed thoroughly with sufficient volume of 0.1 M bicarbonate buffer, pH 
8.5, distilled water, and again with same buffer. Washci activated cellulose was dried 
and re-suspended in 5.0 mL of 0.1 M bicarbonate buffer, pH 8.5. Purified antibodies (60 
mg) were mixed with activated cellulose (5.0 g) and stirred overnight in cold. Cellulose 
unbound antibodies was removed by centrifugation at 1600 xg for 20 min at 4 °C. 
Antibody bound matrix was extensively washed with O.IM bicarbonate buffer, pH ^.5 
containing I.O M NaCI. The washed suspension was treated with 7.0 mL of 0.1 M 
glycine for 2 h at 4 ""C. Antibody bound cellulose was successively washed with 0.1 M 
sodium bicarbonate buffer, pH 8.5 containing J.O M NaCl, distilled water and finally 
with 0.05 M sodium phosphate buffer, pH 7.0. The quantity of bound antibody was 
calculated by subtracting the unbound protein in the washings from that of total added 
protein. 
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5.2.7. Immobilization of p galactosidase on IgG-cellulose 
p Galactosidase (5200 U) was mixed with 5.0 g of IgG-cellulose. The mixture 
was stirred overnight, at 4 ''C. The gel was then thoroughiy washed with 0.05 M sodium 
phosphate buffer, pH 7.0 to remove unbound enzyme (Jan and Husain, 2004). 
5.2.8. Effectiveness factor {\\) 
The effectiveness factor (ti) represents the ratio of actual and theoretical activity 
of the immobilized enzyme (Matto and Husain, 2006). 
5.2.9. Measurement of p galactosidase activity 
The p galactosidase activity was determined as described in the text (Chapter II, 
Section 2.2.6). 
5.2.10. Protein estimation 
Protein was estimated by the method of Lowry et al. (1951). A suitable aliquot of 
the protein sample was diluted to l.O mL with distilled water. To this, 5.0 mL of freshly 
prepared alkaline copper reagent was added. The alkaline copper reagent was prepared by 
mixing copper sulphate (1%, w/v), sodium potassium tartarate (2%, w/v) and sodium 
carbonate (2.0 g) in 0.1 N NaOH in the ratio of 1:1:100. After 10 min incubation at room 
temperature, 0.5 mL of 1.0 N Folin's reagent was added. The tubes were instantly 
vortexed. The color developed was read at 660 nm after 30 min against a reagent blank. 
A standard curve was prepared using bovine serum albumin. 
5.2.11. Effect of pH on soluble and immobilized p galactosidase 
The activity of p galactosidase (2.0 U) was measured in the buffers of various pH. 
The buffers used were giycine-HCI (pH 2.0 and 3.0), sodium acetate (pH 4.0-6.0) and 
Tris-HCl (pH 7.0-10.0). The molarity of each buffer was 0.1 M. The activity at pH 4.6 
was taken as control (100%) for the calculation of remaining percent activity. 
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5.2.12. Effect of X^m^e^rsiXvLrG on soluble and Immobilized p galactosidase 
The activity of soluble and immobilized enzyme was assayed at various 
temperatures (25 °C-80 °C) for determining temperature-activity profile. 
Further soluble and immobilized p galactosidase (2.0 U) was incubated at 60 °C 
for varying time intervals in 0.1 M sodium acetate buffer, pH 4.6. After each incubation 
period the enzyme was taken out and quickly chilled in crushed ice for 5 min. The 
enzyme was brought to room temperature and then p galactosidase activity was 
determined as described in the text (Chapter 11, Section 2.2.6). 
5.2.13. Effect of urea on soluble and immobilized p galactosidase 
Soluble and immobilized p galactosidase was incubated in 4.0 M urea dissolved in 
sodium acetate buffer, pH 4.6. Aliquois from each preparation (2.0 U) were removed at 
varying times and the activity was determined as described in the text (Chapter II, 
Section 2.2.6). The activity obtained without incubation with urea was taken as control 
(100%) for the calculation of remaining percent activity. 
5.2.14. Effect of calcium ions/galactose on soluble and immobilized p galactosidase 
The effect of various concentrations of calcium chloride/galactose (1.0-5.0%, 
w/v) on the activity of soluble and immobilized p galactosidase was measured in 0.1 M 
sodium acetate buffer, pH 4.6. The activity obtained without incubation with calcium 
chloride/galactose was taken as control (100%) for the calculation of remaining percent 
activity. 
5.2.15. Effect of trypsin/pepsin on soluble and immobilized p galactosidase 
Soluble and immobilized p galactosidase (2.0 U) were incubated with increasing 
concentrations of trypsin/pepsin (0.25-2.5 mg mL"') in 0.1 M sodium acetate buffer, pH 
4.6 at 37 °C for I h. For the calculation of the remaining percent activity, trypsin/pepsin 
untreated samples were considered as control (100%). 
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5.2.16. Storage stability of soluble and immobilized p galactosidase 
Soluble and immobilized p galactosidase was stored at 4 °C in 0.1 M sodium 
acetate buffer, pH 4.6 for over 2 months in duplicates. The aliquots from each preparation 
were taken in triplicates at a gap of 10 d and then were analyzed for the remaining 
enzyme activity. The enzyme activity measured on first day was considered as control 
(100%) for the calculation of further storage activity. 
5.2.17. Reusability of immunoaffinity bound inmobilized p galactosidase 
The reusability of immunoaffinity support immobilized p galactosidase was 
monitored at the gap of 12 h. The immobilized preparation was taken in triplicates and 
was assayed for the remaining activity. After each assay immobilized enzyme was 
centrifuged at 1600 xg and was stored in 0.1 M sodium acetate buffer, pH 4.6 at 4 °C. The 
activity was assayed for 10 successive uses. 
5.2.18. Statistical analysis 
The statistical analysis was done as described in Chapter II, Section 2.2.15. 
5.3. RESULTS 
5.3.1, Production and purification of anti-p ga/actosidase polycloaal antibodies 
3 Galactosidase purified to homogeneity was highly immunogenic in rabbits. 
Purified antibodies raised against p galactosidase showed a clear single precipitin line 
(Figure 22). It suggested that p galactosidase was immunogenic in rabbits. DEAE-
celluiose purified IgG loaded on SDS-PAGE clearly showed two bands, which 
corresponded to heavy and light chains of the antibody (Figure 23a). However, the 
separation of antibodies on native PAGE showed a single band (Figure 23b) and this 
result supported the purity of the purified antibodies. The titer obtained through direct 
binding ELISA was greater or equal to 25600 (Figure 24). Overnight incubation of fixed 
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amount of p galactosidase with increasing concentrations of purified IgG exhibited no 
loss in enzyme activity. These observations further supported that the antiserum raised 
against the purified p galactosidase contained only non-inhibitory antibodies. 
5.3.2. Immobilization of p galactosidase on anti-p galactosidase IgG-celluIose 
IgG produced against Aspergillus oryzae p galactosidase were used for the 
construction of cellulose-anti-p galactosidase immunoaffmity support. Anti-p 
galactosidase polyclonal antibody bound cellulose specifically retained p galactosidase 
nearly 911 U/g of the IgG-celluIose support. The obtained immobilized p galactosidase 
preparation was quite active and exhibited very high effectiveness factor (TJ) 0.97 (Table 
15). 
5.3.3. Stability properties of soluble and immobilized P galactosidase 
The stability of immobilized p galactosidase against various types of denaturants 
is of significant importance in various applications. 
There was no difference in pH-optima of immobilized p galactosidase between 
pH 4.6-5.5, unlike the soluble p galactosidase that exhibited activity peak at pH 4.6 
(Figure 25). Immunoaffinity bound p galactosidase exhibited no difference in activity 
between 50-60 °C whereas free p galactosidase had a temperature-optima at 50 °C 
(Figure 26). Immobilized p galactosidase retained 87% of the original activity after 2 h 
incubation at 60 °C while the soluble enzyme lost 85% activity under similar 
experimental conditions (Figure 27). 
The effect of 4.0 M urea for different times on the activity of soluble and 
immobilized p galactosidase has been demonstrated in Figure 28. The soluble enzyme 
lost nearly its complete activity after 2 h exposure to 4.0 M urea at 37 °C while the 
immobilized p galactosidase retained 64% activity under identical experimental 
conditions. 
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Figure 22: Ouchterlony double immunodiffusion of p galactosidase against 
purified anti-p galactosidase antibody 
Anti-p galactosidase polyclonal antibodies were produced in male albino 
rabbits. Immunodiffusion was performed in 1.0% (w/v) agarose gei 
prepared in normal saline. The central well contains antigen while the 
outer wells A, B and C contain equal volume of antiserum. 
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Figure 23 (a): SDS-PAGE for anti-p galactosidase polyclonal antibodies and marker 
proteins 
Lane A: Antiserum proteins (30 ^g) 
Lane B: Ammonium sulphate fractionated proteins (30 ^g) 
Lane C: Purified anti-p galactosidase polyclonal antibodies (30 |ag) 
Lane D: Marker proteins (30 ^g) 
111 
Chapter V 
^ 
m 
Figure 23 (b): Native PAGE for purified anti-p galactosidase polyclonal antibodies 
Lane A: Antiserum proteins (30 |ig) 
112 
Chapter V 
'^i^-
s 
S 
c 
ra 
0.5-
0.4-
0.3-
0.2-
0.1-
0 
•—Immune 
•k—Preimmune 
n \ 1 \ 1 i i 1 1 [~ 
2 2.3 2.6 2.9 3.1 3.3 3.6 3.9 4.14.4 
-log serum dilutions 
Figure 24: Direct Binding ELISA 
Serially diluted antiserum and pre-immune serum were incubated in a 
polystyrene microtitre plate with the antigen (p galactosidase). Serially 
diluted blanks corresponding to each dilution were also present. The 
absorbance of each well (after addition of substrate, /7-nitrophenyl 
phosphate) was monitored at 405 nm on Lab systems ELISA Reader. 
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Table 15: Immobilization of p galactosidase on IgG-cellulose support 
Amount of 
enzyme 
loaded 
(X) 
(U) 
1040 
Amount of 
enzyme 
activity in 
washes 
(U) 
96 
Activity bound /g of IgG-cellulose 
(U) 
Theoretical 
(X-Y=A) 
(A) 
944 
Actual 
(B) 
911 
Effectiveness 
factor 
ir\) 
(B/A) 
0.97 
Activity 
yield (%) 
(B/AxlOO) 
97.0 
Each value represents the mean for three-independent experiments performed in 
duplicates, with average standard deviation, <5%. 
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Figure 25: pH-activity profiles of soluble and IgG-cellulose immobilized p 
galactosidase 
An appropriate and equal amount of soluble and IgG-cellulose 
immobilized p galactosidase was taken for assaying the activity in the 
buffers of various pH. The buffers used were glycine-HCl (pH 2.0 and 
3.0), sodium acetate (pH 4.0-6.0), and Tris-HCI (pH 7.0-10.0). The 
molarity of each buffer was 0.1 M. 
115 
Chapter V 
110 -
100 -
90 -
80 -
• > 
§ 60 H 
0) 
> 
% 50 H 
cc 
40 -
30 -
20 -
ID -
0 
20 25 30 35 40 45 50 55 60 
Temperature (° C) 
65 70 75 80 
Figure 26: Temperature-activity profiies of soluble and IgG-cellulose immobilized 
p galactosidase 
The activity of soluble and IgG-cellulose immobilized p galactosidase was 
measured in 0. i M sodium acetate buffer, pH 4.6 at various temperatures. 
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Figure 27: Thermal denaturation of soluble and IgG-cellulose immobilized p 
galactosidase 
Soluble and immobilized p galactosidase was incubated at 60 °C for 
various time intervals in 0.1 M sodium acetate buffer, pH 4.6. Aliquots 
from each preparation (2.0 U) were removed at different time intervals and 
the activity was determined according to the procedure described in the text 
(Chapter 11, Section 2.2.6). 
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Figure 28: Effect of urea on soluble and IgG-cellulose immobilized p galactosidase 
Soluble and IgG-cellulose immobilized p galactosidase preparations were 
incubated in 4.0 M urea dissolved in 0.1 M sodium acetate buffer, pH 4.6 
at 37 °C. Aliquots from each preparation (2.0 U) were removed at indicated 
time intervals and activity was determined. Each enzyme preparation 
without urea exposure was considered as control (100%) for the calculation 
of remaining percent activity. 
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The effect of various concentrations of calcium chloride/galactose (1.0-5.0%, 
w/v) on the activity of p galactosidase has been illustrated in Figure 29. The exposure of 
soluble p galactosidase to 5.0% calcium chloride for 1 h at 37 °C resulted in a loss of 
58% of its original activity, whereas the immobilized p galactosidase retained 71% 
activity under similar ireatmenl. Due to product inhibition soluble p galactosidase 
resulted in a loss of 72% activity after exposure to 5.0%) of galactose for 1 h at 37 "C 
while the immobilized enzyme retained 65% of the original activity under similar 
treatment (Figure 29). 
Soluble and immobilized p galactosidase was treated with increasing 
concentrations of tryps in/peps in (0.25-2.50 mg mL"') for 1 h at 37 °C (Figure 30). 
immobilized p galactosidase showed 85% and 79% activity when exposed to 1.0 mg mL' 
' trypsin and same concentration of pepsin for 1 h, respectively. However, soluble 
tnzyme. exhibited a loss of 29% ajid 50% of the initial activity under similar incubation 
conditions. Immobilized p galactosidase retained 60% and 50% activity afler exposure to 
2.5 mg mL'' trypsin and same concentration of pepsin whereas the soluble counterpart 
lost 73%> and 80%> activity, respectively under identical experimental conditions. It 
showed that immobilized p galactosidase exhibited significantly very high stabilization to 
proteolytic digestion. 
The reusability of immunoaffinity bound P galactosidase has been shown in 
Figure 31. After tenth repeated use the immobilized enzyme retained nearly 46% of its 
initial activity. Immobilized p galactosidase retained significantly very high activity on 
storage for 2 months at 4 °C (Table 16). 
5.4. DISCUSSION 
The enzyme electrodes based on immobilized p galactosidases have been 
successfully employed for measuring lactose in milk and milk products (Amarita et al, 
1997; Merino et al, 2005). Selective and sensitive devices for lactose hydrolysis have 
proved to be very useful in the determination of lactose in whey, milk and milk products. 
Lukacheva et al. (2007) developed lactose biosensor based on Berlin blue which acts as a 
signal transducer. 
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Figure 29: Effect of calcium chloride/galactose on soluble and IgG-cellulose 
immobilized p galactosidase 
Soluble and IgG-cellulose immobilized p galactosidase were incubated 
with increasing concentrations of calcium chloride/galactose (1.0-5.0%, 
w/v) in 0.1 M sodium acetate buffer, pH 4.6 for 1 h at 37 T . 
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Figure 30: Effect of trypsin/pepsin on soluble and IgG-celluIose immobilized p 
galactosidase 
Soluble and IgG-celluIose immobilized p galactosidase were incubated 
with increasing concentrations of trypsin/pepsin (0.25-2.5 mg mL'') in O.I 
M sodium acetate buffer, pH 4.6 at 37 °C for 1 h. For calculating the 
remaining percent activity untreated samples were considered as control 
(100%). 
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Figure 31: Reusability of immunoaffinity bound IgG-celluiose immobilized p 
galactosidase 
The reusability of immunoaffinity bound immobilized p galactosidase was 
monitored at the gap of 12 h. The sample;, of each preparation were taken 
in triplicates and were assayed for the remaining enzyme activity. 
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Table 16: Storage stability of soluble and IgG-cellulose immobilized p galacto&idase 
Number of 
days 
Control 
10 
20 
30 
40 
50 
60 
Remaining activity (%) 
Soluble 
p galactosidase 
100 
87 ±2.85 
75 ±1.96 
69 ±1.65 
55 ±3.4 
44 ±1.69 
35 ±2.1 
Immobilized 
p galactosidase 
100 
99 ±0.14 
96 ±1.69 
94.3 ±1.56 
89.6 ±1.09 
85 ±2.58 
80 ±2.16 
Soluble and IgG-cellulose immobilized p galactosidase was stored at 4 °C in 0.1 M 
sodium acetate buffer, pH 4.6 for over 2 months. The aliquols of each enzyme 
preparation (2.0 U) were taken in duplicates at a gap of 10 d and were then analyzed for 
the remaining enzyme activity. The enzyme activity measured on the first day was 
considered as control (100%) for calculating remaining storage activity. Each value 
represents the mean for three-independent experiments performed in duplicates^ with 
average standard deviation, <5%. 
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For the effective application of the immunoaffinity based devices for the analysis of 
lactose, the immunoaffinity layer must have a high surface area and a large number of 
binding sites for the determination of lactose in milk and whey (Pyun et al, 2005), We 
have developed a high yield procedure for the immobilization of p galactosidase on an 
immunoaffinity support and this preparation could be exploited for the determination of 
lactose in milk/whey. 
Immunoaffinity bound p galactosiadse retained significantly very high activity 
(Table 15). Effectiveness factor of an immobilized enzyme is a measure of internal 
diffusion and reflects the efficiency of the immobilizatior. procedure. A large number of 
earlier studies have described that the enzymes immobilized on the antibody support 
showed very high effectiveness factor (Jan et al, 2001; Jan and Husain, 2004). The 
strength of association of an enzyme with its support depends upon its affinity for the 
antibody. The multiplicity of antigen-antibody interactions may add remarkably to the 
strength of association with support and in turn to the operational life of the device (Rao 
et al, 1998; Khan et al, 2005). 
IgG-cellulose immobilized p galactosidase higher activity at pH other than pH-
optima as compared to soluble p galactosidase (Figure 25). Such changes are generally 
analyzed as a result of immobilization which greatly helps in the stabilization of enzyme 
at a wider pH range (Zhou and Chen, 2001a). An amperometric lactose biosensor was 
developed by immobilizing lactase and galactose oxidase in Langmuir-Blodgett (LB) 
films of poly (3-hexyl thiophene) (P3HT)/stearic acid (SA) for estimation of lactose in 
milk and its products in order to confirm the purity of tested sample. The enzyme 
immobilized on LB film was used as working electrode and platinum as reference 
electrode. It shows the maximum activity at pH range 7.0-7.2 (Sharma et al, 2004). 
Immobilized p galactosidase was significantly more stable at higher temperatures 
as compared to its'free form. The immobilized enzyme was very active at temperature 
above 60 °C which was due to the increased stability of the IgG-ceilulose bound p 
galactosidase (Figure 26 and 27). Goktug et al (2005) showed that the temperature-
optimum of glucose oxidase-p galactosidase hybrid biosensor was at 40 °C, but this 
preparation lost nearly 53% of its initial activity when incubated for a period of 6 h at the 
same temperature. It is well established that thermal inactivation starts with the unfolding 
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of the protein molecule which is followed by irreversible changes due to aggregation and 
formation of scrambled structures which takes place more in soluble form as compared to 
the immobilized stat*.' (Ladero et ai, 2006). 
Milk is a common health drink consumed by people of all age groups. A large 
population in our country depends on milk from local suppliers. Due to the increasing 
demand, adulteration of milk by urea has been very common (Renny et al, 2005). 
Therefore, it is necessary to evaluate the stability of immobilized preparation against 
denaturation caused by urea. IgG-cellulose immobilized p galactosidase retained 64% 
activity after 2 h incubation with 4.0 M urea whereas the soluble p galactosidase showed 
only 4% activity (Figure 28). Urea is a strong denaturant of proteins. Some earlier studies 
have described that protein can be unfolded by the direct interaction of urea with a 
peptide backbone via hydrogen bonding/hydrophobic interaction, which contributes to 
the maintenance of protein conformation (Khan et oL, 2005). Glucose oxidase bound to 
Co '^^ -IDA Sepharose via antienzyme antibodies or F(ab)'2 fragment retained very high 
enzyme activity when exposed to 4.0 M urea for 2 h at 37 °C, whereas the soluble 
enzyme rapidly lost complete activity under similar incubation conditions (Jan et ai, 
2001). However, IgG-cellulose immobilized p galactosidase is quite stable against 
denaturation caused by urea. 
Dairy products are the main source of calcium which cannot be taken by lactose 
intolerant children (Reily et ai, 2006). Here we have investigated the stability of IgG-
cellulose immobilized p galactosiadse in the presence of calcium chloride (Figure 29). 
Immobilized preparation, however, showed greater stability when treated in the presence 
of calcium. Calcium has an inhibitory effect on soluble p galactosidase which has already 
been reported (Li et al., 2001). IgG-cellulose immobilized p galactosidase showed greater 
resistance against product inhibition (Figure 29). It is generally agreed that the hydrolysis 
of lactose by p galactosidase is inhibited as a result of competitive inhibition by galactose 
both for soluble and immobilized enzyme preparation (Ozdural et al, 2003; Jurado et ai, 
2006). 
IgG-celJuIose bound p galactosidase was more stable than soluble p galactosidase 
against inactivation caused by proteolytic enzymes; trypsin and pepsin (Figure 30). In a 
recent study, Fatima and Husain (2007) have demonstrated that immunoaffinity bound 
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immobilized bitter gourd peroxidase was highly stable against the exposure caused by 
proteolytic enzymes. 
High reusability and prolonged storage stability of p galactosidase have further 
supported that IgG-cellulose immobilized p galactosidase could be exploited for the 
conversion of lactose from milk and whey (Figure 31 and Table 16). The reusability of 
glucose oxidase-p galactosidase hybrid biosensor based on glassy carbon electrode and 
modified with mercury for lactose determination decreased, due to the insufficient 
stability of mercury thin films (Goktug et aL, 2005). Adanyi et ai. (1999) also showed the 
long-term storage stability of lactose biosensors for the determination of lactose in milk 
and dairy products. 
The generally observed higher stability of the immunoaffinity bound p 
galactosidase against various forms of inaciivation may be related to the specific and 
strong binding of enzyme with the antibody support which prevents the 
unfolding/denaturation of the enzyme. Thus, the aim of this study was to find an 
inexpensive, stable and high yield procedure for the purification and immobilization of p 
galactosidase on an immunoaffinity support. This could be of great interest for the 
analysis of lactose present in whey, milk and different milk products. Immunoaffinity 
bound procedure is reversible and the matrix can be regenerated for binding to the fresh 
batch of enzyme. 
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Summary 
Enzymes are biological catalysts that serve different functions in the body and 
have attracted a wide range of interest from fundamental academic research to many 
different industrial applications. The interest of the dairy industry in lactose hydrolysis 
has been driven mainly by the fact that more than 70% of the world's population suffers 
from the inability to digest lactose or lactose containing products due to lactose 
intolerance symptoms caused by the lack, of p galactosidase activity. In this work various 
immobilized preparations of Aspergillus oryzae p galactosidase have made and these 
preparations have been compared with its free form. Immobilized p galactosidase 
preparations have also been employed for the hydrolysis of lactose from wliey and milk 
in batch process as v\ell in continuous reactors. 
Here, a simple, stable and high yield procedure for the immobilization of 
glycosylated p galactosidase has been developed. In order to minimize the cost of 
processes, we have taken an inexpensive support, calcium alginate. Concanavalin A is 
finding increasing applications as a useful ligand in glycoenzyme immobilization. 
Concanavalin A-p galactosidase complex was obtained by adding increasing 
concentration of iack bean extract 10% (w/v) to soluble p galactosidase. Insoluble 
concanavalin A-p galactosidase preparation was crosslinked by 0-5% (vA) 
glutaraldehyde for 2 h at 4 °C. Concanavalin A-P galactosidase complex retained 92% 
enzyme activity. Crosslinking of concanavalin A-p galactosidase complex resulted in a 
marginal loss of 6%» enzyme activity. The soluble, concanavalin A complex and 
crosslinked concanavalin A complex of p galactosidase were entrapped into calcium 
alginate beads. Stability of soluble and entrapped p galactosidase preparations was 
compared against various denaturing agents such as heat, pH, urea, calcium ions and 
galactose. Immobilized p galactosidase preparations showed no change in their pH-
optima and temperature-optima, however, there was a remarkable broadening in pH-
activily and temperature-activity profiles as compared to native enzyme. The soluble 
enzyme lost its complete activity after 2 h exposure to 4.0 M urea at 37 °C whereas the 
entrapped crosslinked concanavalin A-p galactosidase complex retained more than 30%) 
of its original acti^'ity under identical exposure. Entrapped crosslinked concanavalin A-p 
galactosidase complex retained more than 80% of the original activity after incubation 
with 5% CaCl: at 37 ''C for I h while soluble p galactosidase lost nearly half of the 
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original activity. The incubation of soluble (3 galactosidase with 5% galactose for 1 h at 
37 °C resulted in a significant loss of 70% activity while the entrapped crosslinked 
concanavalin A-p galactosidase complex retained over 60% of the original activity under 
similar exposure. Kigpp values have been calculated which demonstrated that the 
concentration of galactose was inversely proportional to Kiapp value. Entrapped 
crosslinked concanavalin A-p galactosidase complex exhibited significantly very high 
Kiapp value at 1% galactose as compared to other P galactosidase preparations. It 
indicated that entrapped crosslinked concanavalin A-p galactosidase complex was more 
stable and less affected by galactose inhibition. 
The Michaelis constant (Km) and maximum velocity (Vmax) were calculated from 
Lineweaver Burk plots. The Km for soluble p galactosidase and entrapped crosslinked 
concanavalin A-p galactosidase was 2.51 mM and 5.18 mM, respectively, whereas V a^x 
for soluble p galactosidase and entrapped crosslinked concanavalin A-p galactosidase 
was 4.8 X 10"'' mol/min and 4.2 X 10"^  mol/min, respectively. 
The reusability experiment further supported that entrapped crosslinked 
concanavalin A-p galactosidase complex did not leach out of the gel beads therefore such 
preparation could be exploited for the continuous conversion of lactose from iniik or 
whey for longer durations in reactor. The entrapped crosslinked concanavalin A-p 
galactosidase complex retained 93% activity after 2 months storage at 4 "^ C, whereas the 
soluble p galactosidase exhibited only 40% activity under identical conditions. Thus, 
entrapped crosslinked concanavalin A-p galactosidase complex was highly stable at 4 '^ C. 
Entrapped crosslinked concanavalin A-p galactosidase complex was more 
efficient in hydrolyzing greater fraction of lactose as compared to entrapped soluble p 
galactosidase. It was also demonstrated that entrapped crosslinked concanavalin A-p 
galactosidase complex was more efficient in hydrolyzing lactose from whey and milk. 
Nearly 86%) and 77%) lactose from whey and milk was hydrolyzed after 3 h of incubation 
by entrapped crosslinked concanavalin A-p galactosidase, while 69%) and 54%j lactose 
was hydrolyzed from whey and milk by entrapped soluble p galactosidase under similar 
experimental conditions. The rate of lactose hydrolysis was seen at different flow rates in 
a packed bed reactor by taking entrapped preparations of soluble p galactosidase and 
crosslinked concanavalin A-p galactosidase. It was seen that the maximum hydrolysis 
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occurred at the flow rate of 10 mL h'' while the hydrolytic rate decreased at 20 niL h'' 
and 30 mL h"'. It was due to the residence time of lactose inside the column containing 
entrapped preparations of p galactosidase. 
Alginate as entrapment media has some limitations for the immobilization of 
enzymes such as the problem of substrate and product diffusion in and out of the alginate 
beads. Therefore, an attempt has been made to synthesize a hybrid gel of alginate and 
starch for the purpose of bioaffmity based immobilization of enzymes on the large 
surface area of beads via concanavalin A. The presence of starch in hybrid gel would also 
help in minimizing the cost of the process. Concanavalin A was adsorbed on the surface 
of calcium alginate-starch beads by incubating with jack bean extract. The immobilized p 
galactosidase beads were further crosslinked by glutaraldehyde in order to maintain its 
integrity. Calcium alginate-starch beads retained nearly 76% of the original activity. 
However, crosslinking with glutaraldehyde resulted in a marginal loss of enzyme activity 
and it showed nearly 71% of the initial activity. The temperature-optimum of the 
immobilized p galactosidase shifted from 50 "^C to 60 °C. Immobilized p galactosidase 
retained nearly 65% activity after 5 h incubation at 60 "C while the soluble enzyme 
showed an insignificant activit>' of only 2% under identical conditions. Immobilized p 
galactosidase exhibited increased activity on exposure to 5% of MgCls. However, the 
exposure of soluble p galactosidase to 5% calcium chloride for 1 h at 37 ''C resulted in a 
loss of 52 % its original activity whereas the immobilized p galactosidase retained 61% 
activity under similar treatment. Immobilized p galactosidase exhibited greater 
stabilization against urea induced denaturation and product inhibition due to galactose, p 
Galactosidase immobilized on the surface of concanavalin A layered calcium alginate-
starch beads would be more accessible to its substrate and thus the problem of end 
product inhibition could be minimized when such preparation would be used in reactors 
for the continuous hydrolysis of lactose. Calcium alginate-starch beads surface 
immobilized p galactosidase was more superior in stability on prolonged storage at 4 °C. 
It was noticed that 70% and 89% of lactose was hydrolyzed from whey and 
61% and 79% of lactose was hydrolyzed from milk by soluble and immobilized p 
galactosidase in 3 h and 4 h, respectively in batch process at 32 °C. Thus the calcium 
alginate-starch beads surface immobilized p galactosidase has been successfully 
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employed for the hydrolysis of lactose from whey and milk in reactors without any 
appreciable loss in its activity. 
The suitability of p galactosidase immobilized on the surface of concanavalin A 
layered calcium alginate-starch beads, as an oral therapeutic agent for the treatment of 
patients suffering from lactose intolerance has also been investigated. The stability of 
immobilized p galactosidase against the conditions of alimentary canal/digestive system, 
such as varying pH, trypsin, pepsin and salivary a amylase were also monitored. 
Immobilized p galactosidase retained 84% and 95% of original activity while soluble 
enzyme showed 52% and 78% of the original activity at pH 3.0 and 5.0. 
The reusability of immobilized enzyme in the buffers of varying pH and in the 
assay buffer also showed that the immobilized preparation was remarkably stable at 
extreme conditions of acidic and alkaline media and digestion by proteases. The effect of 
a amylase activity demonstrated that immobilized p galactosidase had no loss in its 
activity over prolonged incubation with high concentrations of salivary amylase. Thus, 
we have tried to focus on the aspect that if the enzyme immobilized on the surface of 
beads were taken orally as a drug it would greatly help in reducing the problem of lactose 
intolerance. The size of these beads was spherical in shape, thus the area calculated was 
found to be 341.94 X 10"^  cm' and the volume of the spherical beads was 18.80 X 10"^  
cm\ which would remarkably help in the hydrolysis of lactose as they can easily reach 
near to the lumen of the small intestine and would help in the hydrolysis of lactose. 
Purified p galactosidase from Aspergillus oryzae was injected into healthy male 
albino rabbits for the production of anti-p galactosidase polyclonal antibodies. Antibodies 
raised against p galactosidase were further purified by ion exchange chromatography. 
The dialyzed protein sample from ammonium sulphate fractionated antiserum was passed 
through DEAE-cellulose column. The fractions contained purified anti-p galactosidase 
antibodies. DEAE-cellulose purified IgG loaded on SDS-PAGE clearly showed two 
bands corresponding to the heavy and light chains of the antibody. The native PAGE 
showed a single band and this result further supported the purity of the purified 
antibodies. Purified anti-p galactosidase antibodies gave a clear precipitin line with the 
purified p galactosidase from Aspergillus oryzae when Ouchterlony double 
immunodiffusion was performed. The IgG isolated were used for the construction of 
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cellulose-anti-p galactosidase immunoaffinity support. Immunoaffinity immobilized p 
galactosidase exhibited high yield of immobilization. The immunoaffinity immobilized p 
galactosidase preparation exhibited a very high effectiveness factor (ri), 0.97. There was 
no difference in pH-optima of immobilized p galactosidase between pH 4.6-5.5, unlike 
the soluble p galactosidase that exhibited activity peak at pH 4.6. Immunoaffinity bound 
^ galactosidase exhibited no difference in its activity between 50-60 °C whereas free p 
galactosidase had a temperature-optima at 50 °C. Immobilized p galactosidase exhibited 
significantly very high stabilization to urea and proteolytic digestion, i.e. against pepsin 
and trypsin. The immobilized p galactosidase retained 71% activity when treated with 5% 
calcium chloride for 1 h at 37 ''C. Due to product inhibition, soluble p galactosidase 
resulted in a loss of 72% activity after exposure to 5% of galactose for 1 h at 37 "C while 
the immunoaffinity immobilized p galactosidase retained 65% of the original activity 
under similar treatment. After tenth repeated use the IgG-cellulose immobilized enzyme 
preparation retained nearly 46% of its initial activity. Immunoaffinity immobilized p 
galactosidase also retained 80% activity on storage for over 2 months at 4 '^C. Thus, 
immunoaffinity bound procedure is reversible and the matrix can be regenerated for 
binding to the fresh batch of enzyme. It could be of great interest in the area of clinical 
analysis of lactose. 
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Abstract 
Insoluble concanavalin A-p galactosidase complex was obtained by usingjack bean exlract and this complex wascrosslinked withgluiaraldehyde. 
in onJer to maintain the integrity of complex in the presence of its substrate or products. Concanavalin A-P galactosidase complex retained 92% of 
the initial enzyme activity whereas crosslinkcd complex showed 88% activity. Entrapment of concanavalin A-p galactosidase complex into calcium 
alginate beads provided suitability to use this preparation in reactors. Temperature- and pH-optima of the various immobilized p galactosidase 
preparations were the same as its soluble counterpart. Entrapped crosslinked concanavalin A-P galactosidase complex retained more than 50% 
activity after I h exposure with 4.0 M urea at room temperature. Moreover, entrapped crosslinkcd concanavalin A-$ galactosidase complex retained 
81 and 62% of the original enzymatic activity in the presence of 5% calcium chloride and 5% galactose, respectively. Entrapped crosslinked 
concanavalin A-P galactosidase complex preparation was more superior in the continuous hydrolysis of lactose in a batch process as compared to 
the other entrapped pren jratioos. This entrapped crosslinked concanavalin A-p galactosidase complex retained 95% activity after seventh repeated 
use and 93% of its original activity even after 2 months storage at 4 "C 
© 2007 Elsevier B.V. All rights reserved. 
Keywon/s: Aspergillus oryzae\ p gatactosidase; Concanavalin A; Cafcium alginate; Immobilizalion; Lactose hydrolysis 
1. Introduction 
Everyyear 145 X 10^tonnesofmilkwheyand6 x 10^tonnes 
of lactose are produced worldwide. Unfortunately, over the past 
50 years, half of the world's production has not been transformed 
into sub-products but has been wasted directly in aqueous habi-
tats. This situation creates major environmental issues and the 
need of new strategies for the recovery of sub-products. The bio-
conversion of milk whey lactose could i educe more than 75% 
of water pollution and generates products of interest for animal 
feed, human-nutrition and other confectionery, pharmaceutical 
and agricultural companies [ 1,2]. Lactose is a hygroscopic sugar 
with a strong tendency to absorb flavors and odors, due to the 
low solubility, direct utilization of lactor.e is limited [3]. Acid 
hydrolysis of lactose is not favorable because of color formation 
Abbreviations: Con A, concanavalin A; Kiupp, Kiappaiem 
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0141-8130/$ - sec front maUcr 6 2007 Elsevier B.V. AH rights reserved. 
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and fouling of ion exchange resins used in processing [4,5]. A 
better alternative to the acid hydrolysis is the use of enzymatic 
method. Lactose can be hydrolyzed into its basic components 
by p galactosidase (E.C.3.2.1.23) commonly known as lactase. 
It is commercially available and used in large-scale processes. 
One problem associated with the use of p galactosidase is that 
complete hydrolysis is difficult to achieve because of product 
(galactose) inhibition and production of isomer lactose, allolac-
tose. Several microbial sources of ^ galactosidase and reactor 
types have been used for the purpose of economic production of 
low lactose milk [6,7]. Induslrialiy both soluble and immobilized 
P galactosidase are used for lactose hydrolysis [7-9]. Thus the 
majority of the lactose hydrolyzing enzymes is extracted from 
yeast, fungi and bacteria [1-3,6]. 
Extensive research efforts have been made to investigate the 
possibilities offered by p galactosidase in dairy technology [5,7]. 
Some peculiar properties of the enzymes, such as their non-
reusaibility, high sensitivity to several denaturing agents and 
presence of adverse sensory or toxicological effects may hamper 
the effective use of enzymes [1.2]. Many of these undesirable 
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Abstract 
Insoluble concanavalin A-3 galactosidase complex was obtained by usingjack bean extract and this complex was crosslinked with glutaraldehyde, 
in order to maintain the integrity of complex in the presence of its substrate or products. Concanavalin A-P galactosidase complex retained 92% of 
the initial enzyme activity whereas crosslinked complex showed 88% activity. Entrapment of concanavalin A-p galactosidase complex into calcium 
alginate beads provided suitability to use this preparation in reactors. Temperature- and pH-optima of the various immobilized p galactosidase 
preparations were the same as its soluble counterpart. Entrapped crosslinked concanavalin A-p galactosidase complex retained more than 50% 
activity after I h exposure with 4.0 M urea at room temperature. Moreover, entrapped crosslinked concanavalin A-P galactosidase complex retained 
81 and 62% of the origina! enzymatic activity in the pressitce of 5% calcium chloride and 5% galactose, respectively. Entrapped crosslinked 
concanavalin A-P galactosidase complex preparation was more superior in the continuous hydrolysis of lactose in a batch process as compared to 
the other entrapped preparations. This entrapped crosslinked concanavalin A-P galactosidase complex retained 95% activity after seventh repeated 
use and 93% of its original activity even after 2 months storage at4''C. 
© 2007 Elsevier B.V, All rights reserved. 
Keywords: Aspergillus oryzae; p galactosidase; Concanavalin A; Calcium alginate; Immobilizalion; Lactose hydrolysis 
1. Introduction 
Everyyear 145 X 10^ tonnes ofmilk whey and 6 x 10^ tonnes 
of lactose are produced worldwide. Unfortunately, over the past 
50 years, half of the world's production has not been transformed 
into sub-products but has been wasted directly in aqueous habi-
tats. This situation creates major environmental issues and the 
need of new strategies for the recovery of sub-products. The bio-
conversion of milk whey lactose could reduce more than 75% 
of water pollution and generates products of interest for animal 
feed, human nutrition and other confectionery, pharmaceutical 
and agricultural companies [1,2], Lactose is a hygroscopic sugar 
with a strong tendency to absorb flavors and odors, due to the 
low solubility, direct utilization of lactose is limited [3]. Acid 
hydrolysis of lactose is not favorable beci*use of color formation 
Abbreviations: Con A, concanavalin A; Ki„,,p, Kiappurem 
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and fouling of ion exchange resins used in processing [4,5]. A 
better alternative to the acid hydrolysis is the use of enzymatic 
method. Lactose cart be hydrolyzed into its basic components 
by p galactosidase (E.C.3.2.1.23) commonly known as lactase. 
It is commercially available and used in large-scale processes. 
One problem associated with the use of p galactosidase is that 
complete hydrolysis is difficult to achieve because of product 
(galactose) inhibition and production of isomer lactose, allolac-
lose. Several microbial sources of p galactosidase and reactor 
types have been used for the purpose of economic production of 
low lactose milk [6,7]. Industrially both soluble and immobilized 
p galactosidase are used for lactose hydrolysis [7-9]. Thus the 
majority of the lactose hydrolyzing enzymes is extracted from 
yeast, flingi and bacteria [1-3,6]. 
Extensive research efforts have been made to investigate the 
possibilities offered by ^ galactosidase in dairy technology [5,7]. 
Some peculiar properties of the enzymes, such as their non-
reusability, high sensitivity to several denaturing agents and 
presence of adverse sensory or toxicological effects may hamper 
the effective use of enzymes [1,2]. Many of these undesirable 
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limitations can be overcome by the use of immobilized enzymes. 
Immobilized enzymes have proved to be more advantageous 
for catalysis than free enzymes [10-13]. Many methods are 
available for enzyme immobilization [13-17]. Enzyme immobi-
lization offers a number of advantages over the soluble enzymes. 
Immobilization permits the reuse of the enzymes and may pro-
vide a better environment for catalytic activity. It also reduces the 
cost of downstream processing in addition to good product qual-
ity. The use of immobilized lactase in the production of lactose 
free milk has been described by a number of workers [7,18-20], 
Numerous investigators have suggcsled the use of bioal'lin-
ity supports for the immobilization of enzymes [11,12]. The 
immobilization of enzymes, through their amino acid side 
chain groups sometimes resulted in the loss of enzyme activ-
ity [21]. However, an alternative strategy has been suggested 
for the immobilization ofglycoenzymes via their glycosyl 
moiety [21-241. The carbohydrate pan of the enzymes do 
not participate in catalysis, therefore the immobilization of 
such enzymes via glycosyl moieties is quite safe. Lectins are 
carbohydrate-binding proteins and they interact specifically 
with glycoproteins/glycoenzymes :.nd form insoluble com-
plexes [11,22]. 
The objective of the present work is to develop a simple, 
stable and high yield procedure for the immobilization of glyco-
sylated p galactosidase obtained from Aspergillus oryzae. The 
immobilized preparations were investigated for its stability and 
reusability. The activity of soluble and immobilized p galactosi-
dase was compared against various chemical and physical denat-
urants, such as heat, pH, urea and calcium chloride. The effect 
of product inhibition on the activity of soluble and immobilized 
preparations of ^ galactosidase has also been investigated. 
2. Materials and method 
2.1. Materials 
A. oryzjae |3 galactosidase (3.2.1.23) and galactose were 
obtained from Sigma Chem. Co. (St. Louis, MO) USA. o-Nitro 
phenyl p-D-galactopyranoside (ONPG) obtained from SRL, 
Chemicals, Mumbai, India. All other chemicals and reagents 
used were of analytical grade. 
2.2. Preparation of jack bean extract 
Overnight soaked lOg of jack bean seeds were homogenized 
in 100 mL of 0.1M Tris-HCl buffer, pH 6.1 containing 0.1 M 
NaCI, 0.001 MMgCl2,0.001 MMnCl2 and 0.001 M CaC^. The 
mixture was kept on a magnetic stirrer for 2h at room tem-
perature. Insoluble residue was removed by centrifugallon at 
12,000 X J? on a Remi Cooling Centrifuge for 20min, until a 
clearsupematantisobtained.ThecoUected supernatant was used 
for the insolubilization of p galactosidase. 
2.3. Preparation of Con A-ff galactosidase complex 
The increasing concentration of 10% jack bean seed extract 
was added to 0.5 mL diluted p galactosidase (200 U) making 
the volume up to 2.0 mL by 0.1M Tris-HCl buffer, pH 6.1. The 
reaction mixture was incubated overnight at 37 °C [24]. The 
precipitate was collected by centrifligation at 3000 x ^ on a Remi 
Cooling Centrifuge for 30 min. The activity was determined both 
in supernatant and pellet. 
2.4. Preparation of crosslinked Con A-p galactosidase 
complex 
Con A'P galactosidase complex (220 U) was crosslinked by 
adding increasing concentration of (0.1-0.5%, v/v) glutaraJde-
hyde for 2h al 4°C [24]. Elhanolamine was added to a final 
concentration of 0.01% (v/v) to stop crosslinking. The solution 
was allowed to stand for 90 min at room temperature and the 
pellet was collected by centrifugation at 3000 x g for 30 min on 
a cooling tabletop centrifuge. The precipitate was suspended in 
1.0 M methyl-a-D-glucopyranoside and allowed to stand for 1 h 
at room temperature. Centrifuged again at 3000 x g for 30 min, 
the precipitate obtained was suspended in 0.1M sodium acetate 
buffer, pH 4.6. The activity was determined both in supernatant 
and pellet. The activity of Con A-p galactosidase complex with-
out methyl-a-D-glucopyranoside treatment was considered as 
control. 
2.5. Entrapment of soluble, Con A complex and crosslinked 
Con A complex of^ galactosidase into calcium alginate 
The soluble. Con A-p galactosidase complex and crosslinked 
Con A-p galactosidase complex were mixed independently with 
5.0% aqueous sodium alginate solution and added drop wise to a 
stirred solution of 0.2M CaCh prepared in distilled water [25]. 
A 5.0 mL syringe with attached needle number 20 was used for 
the preparation of calcium alginate beads. The beads were stirred 
in CaCl2 solution for 2 h on a magnetic stirrer to make them hard 
and then suspended in 0.1 M sodium acetate buffer, pH 4.6. The 
obtained beads were stored and further used. 
2.6. Glucose estimation by glucose oxidase peroxidase 
coupled assay procedure 
The lactose hydrolysis was monitored for the formation of 
glucose by using glucose oxidase/peroxidase coupled assay pro-
cedure [10]. 
2.7. Storage stability 
Soluble and all the immobilized preparations of p galactosi-
dase were stored at 4"C in O.I M sodium,acetate buffer, pH 
4.6 for over 2 months. The aliquots from each preparation were 
taken in duplicate at the gap of 10 days and were then analyzed 
for the remaining enzyme activity (Table 2). 
2.8. Reusability of alginate entrapped p galactosidase 
preparations 
Alginate entrapped preparations of p galactosidase; solu-
ble. Con A complex, crosslinked Con A complex were taken 
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in duplicate for assaying the activity of enzyme. After each 
assay immobilized enzyme were taken out from assay tubes and 
were washed and stored in 0.1 M sodium acetate buffer, pH 4.6 
overnight at 4 "C. The activity was assayed for 7 successive days. 
2.9. Lactose hydivlysis in batch process 
Lactose solution (500 mL, O.IM) was independently incu-
bated with (400 U) of p galactosidase entrapped in calcium 
alginate as soluble, Con A complex and crosslinked Con A com-
plex and stirred continuously in water bath at 37 °C for varying 
time intervals. 
The aliquots were taken at different time intervals and 
assayed for the formation of glucose by using glucose 
oxidase-peroxidase coupled assay procedure [lOJ. 
2.10. Assay of fi galactosidase 
The procedure of Batra et al. [26] was used with slight 
modification for assaying the activity of p galactosidase. The 
hydrolytic activity of the enzyme was determined by measuring 
the release of o-nitrophenol from ONPG (o-nitrophenyl p-i> 
galactopyranoside) at 405 nm. Enzymatic reaction was carried 
out in a total volume of 2.0 mL containing 1.7 mL of 0.1 M 
sodium acetate buffer, pH 4.6, 0.1 mL suitably diluted enzyme 
and 0.2 mL of 20 mM ONPG at 37 °C for 15 min. The reaction 
was stopped by adding 2.0 mL 2.0N sodium carbonate solution. 
One unit of 3 galactosidase activity (U) is defined as the 
amount of enxyme that liberates 1.0jA.mol of o-nitrophenol 
(em=4500LmoI~' cm"') per min under standard assay con-
ditions. 
0.0 0.1 0.2 0,3 0.4 0,5 0.6 0.7 0.8 0.9 1.0 
jack bean extract (ml) 
Fig. I. Precipitation of p galactosidase by using jack bean extract, p galac-
tosidase (200 U) was incubated with increasing concentration (0.1-1.0 mL) of 
10% jiick bean CKlract in a total volunic of 2 mL of 0.1M Tris-HCi buffer, pH 
6.1 for I2h at 37°C. Precipitate of each preparation was separated by cen-
irifugalion al 3000 x g for 15 min. Each precipitate was further washed wiih 
assay bu^er and activity was determined in each precipitate as well as in super-
natant as described in text. The symbols show activity in supernatant (Q) and 
precipitate (•) . 
3.3. Entrapment offi galactosidase into calcium alginate 
beads 
Entrapment of soluble p galactosidase. Con A-P galactosi-
dase complex and crosslinked Con A-p galactosidase complex 
into calcium alginate beads further resulted in the loss of 
enzyme activity and these entrapped p galactosidase prepara-
2.}}. Protein estimation 
Protein concentration was determined by the dye binding 
method 127]. Bovine serum albumin was used as standard pro-
tein. 
3. Results 
3.1. Formation of Con A-^ galactosidase complex 
The addition of increasing concentration of jack bean extract 
to the fixed concentration of 3 galactosidase resulted in increased 
precipitation of enzyme activity. The maximum precipitation 
exhibited 92% of the initial enzyme activity (Fig. I). 
3.2. Crosslinking of Con A-fi galactosidase by 
glutaraldehyde 
In order to maintain the integrity of Con A-p galactosidase 
complex in the presence of substrate and product, the complex 
was crosslinked with increasing concentration of glutaralde-
hyde. The maximum crosslinking was obtained by using 0.5% 
(v/v) glutaraldehyde (Fig. 2). Crosslinking further resulted in a 
marginal loss of 6% of the initial activity. 
0.2 0.3 
Glutaraldehyde (%) 
0.4 0.5 
Fig. 2. Crosslinking of Con A-p galactosidase complex by glutaraldehyde. Con 
A-P galactosidase complex (220 U) was incubated with increasing concentra-
tion of glutaraldehyde (0.1-0.5*, v/v) for 2h at 4 C. After glutaraldehyde 
treatment in each tube 0.01% elhanolamine was added and further incubated 
for JOmin at room lemperalurc. Crosslinlced complex was collected by cen-
trifugation at 3000 x g for 15 min. The complex was washed with assay buffer. 
Crosslinked complex was incubated with I.OM mclhyl-a-D-glucopyranosidc 
for over 1 h at nx>m temperature. The activity of enzyme was determined in 
each supernatant and precipitate. The symbols show activity in supernatant (Q) 
and precipitate (9). 
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Table \ 
Immobitiziilion of Pgulaciosidase by usinyjack bean cxiractund calcium algi-
nalc niulrix 
Melhods 
Con A-P guljctiaiduse complex 
Crosslinkcd Con A-P galactoiiiduse complex 
Calcium alginate entrapped soluble [3 
galactosidase 
Calcium alginate entrapped Con A -0 
gal'^tosidase complex 
Calcium alginate entrapped crosslinked Con 
A-p galactosidase complex 
Activity expressed (%) 
92 ± 2.3 
S8 ± 1.8 
72 ± 2.95 
63 ± 1.65 
57 ± 2.89 
f 
t 
"i S 
Kucb expressed uclivily is ihc ptitemngt of ihc soluble civ.ynic yctivUy Oniiial 
uciivily). Each value represenl.s the mean for three-independent experiments 
pcrfomicd in duplicate, with average standard deviation <5%. 
lions t^tained 72, 63 and 57% of the original enzyjiie activity, 
respectively (Table i). 
3.4. Effect of pH 
Fig. 3 demonstrates the pH-activity profiles of the soluble 
and immobilized p galactosidase preparations. All immobilized 
(3 galactosidase preparations showed no change in pH-optima 
but had a remarkable broadening in the pH-activity profiles as 
compared to the native enzyme. However, tJie crosslinked Con 
A-p galactosidase complex and entrapped crosslinked Con A-p 
galactosidase coniv>iex retained significantly very high activity 
at acidic and alkaline side of the pH-opiima as compared to 
the soluble and other immobilized |3 galactosidase preparations. 
110 
100 
90 
? 8 0 -
fro. 
ieo, 
I 50-
•ffi 
K 4 0 
30-
20 
10 
2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 60 6 5 7.0 7.5 fi.O 8.5 9.0 
pH 
Fig. 3. pH-«ctJviiy profiles of soluble and immobilized preparations of p galac-
tosidase. The enzyme activity of soluble and immobilized p galactosidase 
1 ircparations (2.0 U) was measured in buffers of various pH values. The molar-
ity of each buffer was O.J M. The activity at pH 4.6 for all the preparations 
.^-as taken as control (100%) for the calculation of percent activity. The sym-
bols sivyn ( • ) soluble P galactosidase, (0> entiapped soluble P galaclosidase. 
(T) Con A-p galactosidase complex, (7) alginate entrapped titon A-p galactosi-
dase complex, {•) crosslinked Con A-p galactosidase complex and (•) alginate 
entrapped crosslinked Con A-p galactosidase complex. 
20 25 30 35 40 45 50 55 60 65 70 75 60 65 90 
Temperature ("C) 
Fig. 4. Temperature-activity profiles of soluble and immobili7£d preparations 
of p galactosidase: the enzyme activity of soluble and immobilized p galac-
tosidase preparations (2.0 U) was measured in 0.1 M sodium acetate buffer, 
pH 4.6 at various temperatures. The activity obtained ol 50'C was taken as 
control (100%) for the mlculation of percent activity. The symbols show (•) 
soluble P galaclosidase, (Q) entrapped soluble p galactosidase. (T) Con A-p 
galactosidase complex, (V) alginate entrapped Con A-P galactosidase complex, 
(•) crosslinked Con A- p galactosidase complex and (D) alginate entrapped 
crosslinked Con A-p galactosidase complex. 
Entrapped crosslinked Con A-P galactosidase complex retained 
81 and 21 % activity at pH 3.0 and pH 8.5, respectively, whereas 
the soluble enzyme exhibited 49 and 7% of the initial activity, 
respectively. 
3.5. Effect of temperature 
ThQtc was no alteration in temperature-optima of the var-
ious immobilized enzyme preparations although there was 
a significant broadening in temperature-activity profiles for 
immobilized enzyme preparations (Fig, 4). However, ihc 
crosslinked Con A-p galactosidase complex and entrapped 
crosslinked Con A-3 galactosidase complex retained signif-
icantly very high activity at temperatures lower and higher 
than the temperature-optima as compared to the soluble and 
other immobilized p galactosidase preparations. Entrapped 
crosslinked Con A-^ galactosidase preparation retained signif-
icantly higher fraction of catalytic activity, 63% at 80 °C while 
the free enzyme exhibited only 2% of the initial enzyme activity 
at the same temperature. 
Fig. 5 illustrates the thermal denaturation plot of soluble and 
immobilized preparations of p galactosidase. All the immobi-
lized p galactosidase preparations retained significantly high 
catalytic activity even after 6 h incubation at 60 °C. Crosslinked 
Con A-p galactosidase complex showed nearly 41% of the ini-
tial activity after 6 h exposure. Moreover, this retained activity 
was more pronounced in case of entrapped crosslinked Con A-p 
galactosidase complex. Entrapped crosslinked Con A-p galac-
tosidase complex exhibited nearly 53% activity after6 h whereas 
the native enzyme showed only marginal activity of 3% after 5 h 
exposure under similar incubation conditions. 
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Fig. 5. Themwl denutumtion of soluble and immobiiized prepardt'ions of p 
galaclosidase. Soluble and immobilized preparations of 3 galaciosidase (2.0 U) 
were incubated at 60 "C in 0.1 M sodium acetate buffer, pH 4.6 for various time 
intervals. The aliquots of the cnxymes were collected after each iiKubatioti titne 
and activity of the enzyme was determined as described in the text. The enzyme 
unexposed al 60°C was considered as control (100%). The symbols show ( • ) 
soluble |i galactasidasc, (O) entrapped soluble p gubctosiduse, (T) Con A-P 
gabctosidasc complex, (V) alginate entrapped Con A-p galaciosidase complex. 
(•) cnssslinked Con A-p gulactosidase complex and (O) alginate entrapped 
crosslinked Con A~p galaciosidase complex. 
3.6. Effect of 4.0 M urea 
The urea-induced denaturaiion of p galaciosidase prepa-
rations is shown in Fig. 6. The soluble enzyme almost lost 
its complete activity after 2h exposure with 4.0 M urea 
at 37 °C while the immobilization provides more stability 
against the denaturaiion indiJced by urea. Increased stabil-
ity of various immobilized preparations of P galaciosidase 
was in order of entrapped soluble p galaciosidase < Con A-P 
galaciosidase complex < entrapped Con A-P galaciosidase com-
plex < crosslinked Con A-p galaciosidase complex < entrapped 
crosslinked Con A-p galaciosidase complex. However, 
entrapped crosslinked Con A-P galaciosidase complex retained 
more than 50% of its original activity after I h exposure with 
4.0 M urea at 37 °C, whereas the soluble enzyme had a marginal 
activity of 14% under identical incubation conditions. 
3.7. Effect of calcium chloride 
Calcium is one of the important components of milk. 
Therefore, it is necessary to evaluate the stability of various 
preparations of p galaciosidase in the presence of different quan-
tity of calcium chloride. The effect of various concentrations of 
(1.0-5.0%, w/v) calcium chloride on the activity of p galac-
iosidase is demonstrated in Fig. 7. The treatment of soluble 
p galaciosidase with 5.0% calcium chloride for 1 h at 37 °C 
resulted in a loss of nearly half of the original activity. Entrapped 
crosslinked Con A-P galaciosidase complex was remarkably 
more stable as compared to the soluble and other immobilized P 
galaciosidase preparations. This preparation retained more than 
80% of the original activity after incubation with 5% CaCl2 at 
37°Cforih. 
3.8. Effect of galactose 
Galactose is one of the products of p galaciosidase catalyzed 
hydrolysis of lactose. Ii has been reported that galactose can also 
inhibit reaction catalyzed by p galaciosidase; therefore an effort 
IOOQ 
30 45 60 75 
Time (min) 
90 105 120 
Fig. 6. Effect of urea on soluble and immobilized preparations of p galac-
tosidase. Soluble and immobilized p galactosidase preparations (2.0 U) were 
incubated in 4.0M ^rea dissolved inQ.l M sodium acetate buffer. pH 4.6 at 
37 "C of (he urea exposed enzyme preparations. Aliquots were removed at var-
ious lime intervals and activity was determined. The symbols show ( • ) soluble 
p galactosidase. (O) entrapped soluble p galaciosidase. (T) Con A-p galac-
iosidase complex, (7) alginate entrapped Con A-p galaciosidase complex, 
(•) crosslinked Con A-p galactosidase complex and (D) alginate entrapped 
crossIinJced'Coo A-p galactosidase complex. 
2 3 4 5 
Calcium chkiride (%) 
Fig. 7. Effect of calcium chloride on soluble and immobilized preparations of p 
galactosidase. Soluble and immobilized preparations of p galactosidase (2.0 U) 
were incuMed with increasing concentration of calcium chloride (1.0-5.0%. 
w/v) in 0.1 M sodium acetate buffer, pH 4.6 for I h at 37 "C. The activity of 
the enzyme was determined as described in the text The symbols show ( • ) 
soluble p galactosidai. (Q) entrapped soluble p galactosidase, (?) Con A-p 
galactosidase complex. (v) alginate entrapped Con A-P galactosidase complex. 
(•) crosslinked Con A-P galactosidase complex and (D) alginate entrapped 
crosslinked Con A-p galactosidase complex. 
T. Haider, Q. Husahi / IniemettionalJoumal of Biological Macromolecules 41 {2007) 72-SO 77 
2 3 
Galactose (%) 
Fig. 8. Effect of g,alactosc on soluble and immobilized preparations of ^ galac-
tosidase. Soluble and immobilized preparations of fi galactosidase (2.0 U) were 
incubated with increasing concentration of galactose (1.0-5.0%, w/v) in 0.1 M 
sodium acetate buffer, pH 4.6 for 1 h at 37 "C. The activity of the enzyme 
was dttcnnined as described in Uic text. The symbols show ( • ) soluble P 
galactosidase, (O) entrapped soluble p galactosidase, (T) Con A-p galac-
losidase complex, (7> alginate entrapped Con A-p galactosidase complex, 
(•) crosslinked Con A-P galactosidase complex and (D) alginate entrapped 
crosslinkcd Con A-P gal^tosidasc complex. 
has been made to investigate the effect of various concentrations 
of galactose on the activity of soluble and immobilized prepara-
tions of 3 galactosidase. The effect of increasing concentration 
of galactose (l.Q-5.0%, w/v) has been examined on soluble and 
immobilized p galactosidase (Fig. 8). The incubation of soluble 
fl galactosidase with 5.0% galactose for 1 h at 37 "C resulted in a 
significant loss of 70% of the initial activity while (he entrapped 
crosslinked Con A-p galactosidase complex retained over 60% 
of the original activity under similar exposure (Tables 2 and 3). 
Kiapp values has been calculated which demonstrated that the 
concentration of galactose was inversely proportional to Kiapp 
value (Table 3). Entrapped crosslinked Con A-P galactosidase 
complex exhibited significantly very high Kiapp value at 1% of 
galactose as compared to other P galactosidase preparations. It 
indicated that this preparation was more stable and less affected 
by galactose inhibition. However as the concentration of galac-
tose was increased, more inhibition was noticed which suggested 
that at high concentration of galactose, a significant loss of 
enzyme activity occurred in soluble p galactosidase, whereas the 
Table 2 
Storage activity of Asj)erj;i((i(i oryztie P jjal^ctosidasc at 4 'C 
Number 
ofdays 
5 6 7 
Time (h) 
10 11 
Fig. '}. Lactose hydrolysis of entrapped preparations of p galactosidase in 
batch process. Lactose (SCO mL, 0.1 M) was independently hydrolyzed by using 
entrapped soU'ble P galactosidase, entrapped Con A-p galactosidase com-
plex and entrappL.' crosslinked Con A-P galactosidase complex preparations 
(400 U) al 37 "C. The aliquots of the treated lactose were withdrawn at vari-
ous ume intervals and were analyzed for the formation of hydrolyzed product 
by using glucose oxidase-peroxidase coupled assay proc^ure. The symbols 
show alginate entrapped crosslinked Con A-p galactosidase complex (•), algi-
nate entrapped Con A-p galactosidase complex (7) and enuapped soluble p 
galactosidase (•) . 
entrapped crosslinked Con A-p galactosidase complex retained 
more en^ymatic activity under similar conditions. 
3.9. Lactose hydrolysis in batch process 
Fig. 9 illustrates continuous hydrolysis of lactose (500 mL. 
0.1 M) solution by soluble entrapped p galactosidase, entrapped 
Con A-p galactosidase complex and entrapped crosslinked 
Con A-p galactosidase complex for 10 h in batch mode at 
37 °C. It was observed that the rate of hydrolysis of lac-
tose by entrapped soluble p galactosidase was 52% after 
1 h, whereas entrapped Con A-P galactosidase complex and 
entrapped crosslinked Con A-p galactosidase complex showed 
46 and 40% hydrolytic activity, respectively. This explain.? the 
fact that soluble entrapped p galactosidase was more accessible 
for the hydrolysis of lactose but after prolonged time inter-
%Rematning activity 
Soluble p 
galactosidase 
Entrapped soluble 
P galactasida.se 
Con A-p galactosidase 
complex 
Eninipped Con A-p 
galactosidase complex 
Control 
10 
20 
30 
40 
50 
60 
100 
91 ±1.23 
73 ± 3.22 
61 ±2.56 
57 ±1.43 
51 ±3.2 
40 ±2.5 
Crosslinked Con A-p 
galactosidase complex 
Entrapped crosslinkcd Con 
A-p galactosidase complex 
100 
94 ±2.7 
84 ±2.67 
70 ±2.98 
67 ± 2.45 
60±l .54 
51 ±1.78 
100 
96 ± 0.98 
89 ±1.67 
79±3.4I 
71 ±2.5 
69 ±2.33 
60 ±2.97 
100 
98 ±1.23 
93 ±1.32 
87±1.8 
80 ±2.8 
79 ±3.34 
70 ±2.99 
100 
99 ±0.76 
9 ? ± l . n 
94 ±1.56 
93 ±1.67 
89 ±2.76 
84 ±3.2 
100 
100 
100 
98 ±1.34 
97 ±1.85 
95 ±1.86 
93 ±1.2 
Each value represents the mean for three-independent experiments performed in duplicate, with average standard deviation <5%. 
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Table 3 
Kiupp of various soluble and iinnmbilizcd preparulioiis of (J gabclosidasc In the presence of galactose 
Galactose 
concentration (%) 
I 
2 
3 
4 
5 
Immobilized enzyme preparations (Ki 
Soluble P 
. giiiiiclusidiise 
220.17 ±2.8 
173.61 ± 3.2 
J5] ± 2.9 
148 ± 2.1 
146 ± 1.6 
Entrapped soluble 
P giiJiiclosiOn^e 
282.21 ± 2.6 
186.62 ± 2.2 
356.28 ± 3.5 
148.15 ± 1.9 
147.2 ± 1.2 
,ppXlO-''M) 
Con A-0 galactosidase 
complex 
316.2 ± 1.6 
209 ± 1.32 
174 ± ).8 
155 ± 3.2 
153.3 ±2.5 
Entrapped Con A-p 
ga)acl(7sida.ve complex 
350 ± 3.1 
249 ± 2.9 
21-..2±3.4 
190.4 ± 2.8 
168,31 ± 2.1 
Crosslinkcd Con A-B 
galactosidase complex 
418.05 ± 1.9 
302.08 ± 1.5 
249 ± 2.4 
204 ± 2.2 
174 ± 2.3 
Entrapped Crosslinked 
Con A-0 I'aldClosiiiiisc 
complex 
574 ± 0.9 
392.16 ±2.4 
332 ± 2.5 
227 ±2.8 
180 ± 1.74 
Each value represents the mean for three-indepcndenl experiments performed in duplicate, with average standard deviation <5%. 
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Fig. 10, Reusability of entrapped preparalions of p galactosidase. The reusabil-
iiy of alginate-en (rapped prepiiradoiis of p galadosidasc was iiiuiiilored at ihc 
gap of6h. The samples of each picparutioii were tjken in triplicate and were 
assayed for the remaining activity. (•) Soluble entrapped ^ galaciosidasc, (0 } 
entrapped Con A-P galacltjsidasc complex and ( • ) entrapped crosslinked Con 
A-3 galactosidase. 
val the rale of hydroly.sis of lactose decreased inuch faster. 
This was due to product inhibition and only 66% of lactose 
was hydrolyzed in 3h, wherea.s entrapped Con A-p galactosi-
dase complex and entrapped crcsslinked Con A-p galactosidase 
complex showed 78 and 89% conversion of lactose after 3 h, 
respectively. Thus entrapped crosslinked Con A-P galactosi-
dase complex was more efficient in hydrolyzing greater fraction 
of lactose as compared to other entrapped preparations of p 
galactosidase. 
3. W. Reusability of beads coniaining fi galaciosidase 
The reusability of three different calcium alginate entrapped 
preparations of p galactosidase has been shown in Fig. 10. After 
seventh repeated use Xh.t entrapped soluble enzyme showed 
a marginal activity of 21%, whereas the entrapped Con A~p 
galactosidase complex and entrapped crosslinked Con A-p 
galactosidase complex retained 85 and 95% of its initial activity, 
respectively. 
4. Discussion 
Nodium alginate has proved lu be an el'licienl substance lor Ihe 
immobilization of enzymes, cell organelles, microorganisms. 
and plant and animal cells [28,29]. But this property has turned 
out to be a draw back as far as immobilization of enzymes con-
cerned. Due to the high porosity of alginate beads, the entrapped 
enzymes were leached out of the polymer matrix 125,30]. in 
order to circumvent this leaching problem of the enzymes from 
the polymeric matrix several efforts has already been made 
[ 10,27], but the cost of the processes always restricted their appli-
cations. In order to prevent the leaching of the enzymes from the 
calcium alginate beads, an insoluble Con A complex of p galac-
tosidase has been prepared by using a simple extract of jack bean 
seeds. It was seen that very insignificant quantity of jack bean 
extract was required to form the insoluble complex of p galac-
tosidase (Fig. 1). Con A-p galactosidase complex retained very 
high enzyme activity (Table I). It has already been shown that 
glucose oxidase retained remarkably very high enzyme activity 
when insolubilized by using Con A and polyclonal antibodies 
[24], These reports suggested thai the insoluble Con A-enzyme 
complexes are quite porous and the active sites of the enzymes 
were easily accessible to the substrates. The enzyme wa.s pre-
cipitated at a low Con A/enzyme ratio, thereby reducing the 
non-enzymatic content of the complex. This would be advan-
tageous in minimizing the valuable reactor space occupied by 
non-enzymatic msiensA. 
This is well known fact that Con A complexes of glycoen-
zymes could be dissociated in the presence of glucose, mannose 
and A'-acetyl glucosamine [11,12,24]. In order to maintain the 
integrity of Con A-p galactosidase complex in the presence of its 
substrates and products, such complex was crosslinked with glu-
taraldehyde. Con A-P galactosidase complex showed a marginal 
loss of 6% enzyme activity upon crosslinking (Fig. 2 and 
Table \). Crossh"nking of Con A-p galactosidase complex prior 
to entrapment in alginate, for its use in an enzyme reactor, was 
essential since the enzymes acted on carbohydrate substrate that 
disaggregates the complex [11]. Crosslinking of Con A-p galac-
tosidase complex with glutaraldehyde resulted in a small loss of 
enzyme activity (Table 1). Glutaraldehyde based chemistry is an 
effective method for enzyme immobilization and stabilization, 
Glutaraldehyde crosslinked Con A-p galactosidase stabilizes 
the alginate gel, helping in the prevention of the leakage of 
enzymes [31 ]. However, there was further decrease in enzyme 
activity as a result of entrapment, the fraction of entrapped activ-
ity that was expressed in case of soluble p galactosidase and Con 
A-p galactosidase complex were certainly higher as compared 
to crosslinked Con A-p galactosidase complex. 
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Enhancement in stability appeared to be another attractive 
feature of the crossHnked Con A-p gaiactosidase complex and 
entrapped crosslinked Con A-P gaiactosidase complex. The 
marked stability exhibited by these immobilized preparations 
(Figs. 3-8) is not unanticipated, in view of the earlier reports on 
the stabilization of glycoenzymes as a result of binding to Con 
A [11,12,22,24] 
Immobilized p gaiactosidase preparations exhibited no 
change in pH and temperature-optima as compared to native 
enzyme (Figs. 3 and 4). Similar results were obtained when 
P gaiactosidase from A. oryzae imninhili/ed in tibers com-
posed of alginate and gelatin hardened with glutaraldehyde [31 ]. 
However, the entrapped crosslinked Con A-p gaiactosidase was 
far superior in thermal stability as compared to other methods 
used for the immobilization of /\. oryzae p gaiactosidase [31 ]. 
Crosslinked Con A-p gaiactosidase comj^ lex and entrapped 
crosslinked Con A-P gaiactosidase complex preparations were 
markedly more stable against the denaturation induced by urea 
(Fig. 6). These high stability immobilized preparations of p 
gaiactosidase could be successfully exploited for the hydrol-
ysis of lactose even in the presence cf such type of denaturants. 
Although the action mechanism of urea on the protein struc-
tures has not yet been completely understood, several earlier 
studies have proposed that protein is unfolded by the direct inter-
action of urea molecule with a peptide backbone via hydrogen 
bonding/hydrophobic interaction, wh ich contributes to the main-
tenance of protein conformation [ 13 32]. Here wc have noticed 
that A, oryzae p gaiactosidase activity was also significantly 
decreased after incubation with 5,0% calcium chloride (Fig. 7). 
However, the entrapped crosslinked Con A-p gaiactosidase was 
remarkably stable against the denaturation mediated by calcium 
chloride exposure. Some investigators have demonstrated that 
the activity of peach p gaiactosidase inhibited by Ca^* and other 
bivalent cations [ 16]. In order to maintain the catalytic efficiency 
of reactor containing immobilized p gaiactosidase, the activity 
of the enzyme should not be affected by presence of its products. 
However, diere are several reports which indicated that galactose 
was one of the product of p gaiactosidase catalyzed hydrolysis of 
lactose and it could competitively and non-competitively inhibit 
the activity of the enzyme [33,34]. Our findings indicated that 
the crosslinked Con A-p gaiactosidase complex and entrapped 
crosslinked Con A-p gaiactosidase complex preparations were 
significantly more resistant to the inhibition mediated by galac-
tose (Fig. 8). Here we have done preliminary investigations lo 
find out the Kiapp values so as to explain galactose inhibition 
in terms of Henderson equation, which indicates competitive 
inhibition mechanism and this may be explained as follows [35]: 
/o 
1 - fj/yo 
Kiapp = Ki 
= Ki + [•^ 10 
Km - + [ £ o ] . 1^0 
1 + [Sh 
Km 
where [/]o, [EQ] and [S]Q are the initial concentrations of 
inhibitor, enzyme and substrate, respectively, VQ the velocity 
without inhibitor and t;; is the velocity in the presence of 
inhibitor [36]. Ponaccio ei al. [34) have reported that a lower 
value for Ki denotes stronger inhibition as in case of P galac-
tosidase/immunodyne system, whereas p galactosidase/chitosan 
system has higher Ki value. Hence, the latter system seemed 
to be more appropriate to perfonn lactose hydrolysis. In our 
case entrapped crosslinked Con A-P gaiactosidase complex 
has higher Kiapp value as compared to soluble P gaiactosidase 
therefore entrapped crosslinked Con A-p gaiactosidase complex 
retained more enzymatic activity (Table 3). 
Fig. 9 shows that entrapped crosslinked Con A-p gaiac-
tosidase complex was more suitable for lactose hydrolysis on 
prolong incubation [7]. Entrapped crosslinked Con A-p gaiac-
tosidase complex and Con A-P gaiactosidase complex retained 
significantly very high activity on repeated uses, whereas the 
soluble enzyme entrapped preparation rapidly lost its activity 
on similar uses. However, in view of the earlier reports on leak-
age of peroxidase [25,37], polyphenol o\idas;es [381 and clucof;c 
oxidase (301 from alginate gels and activity inhibition by galac-
tose may be responsible for this behavior (Fig. 9). Entrapment 
of crosslinked Con A-p gaiactosidase in calcium alginate beads 
thus appeared to be a useful method for continuous conversion 
of lactose into glucose and galactose. Crosslinked Con A-p 
gaiactosidase complex is insoluble yet it is rather unsuitable 
for direct use in reactor due to its fineness and tendency to 
pack compactly. However, in view of the stability offered by the 
entrapped crosslinked Con A-p gaiactosidase together with the 
high porosity and excellent flow properties of the alginate beads, 
complexing with Con A and crossUnking with glutaraldehyde 
followed by entrapment into calcium alginate beads appeared 
to be an useful immobilization procedure for the continuous 
production of novel product/products of industrial and other 
applications. 
5. Conclusion 
In view of the high stability offered by the crosslinked Con 
A-P gaiactosidase and entrapped crosslinked Con A-P gaiac-
tosidase against heat, pH, urea, calcium chloride and galactose, 
it suggest ^hal entrapped crosslinked Con A-p gaiactosidase 
preparation ccld successfully be employed in a reactor for the 
continuous conversion of lactose. The reusability experiments 
have further supported that crosslinked Con A-p gaiactosidase 
complex did not leach out of the gel beads; therefore such 
preparations could be exploited for the continuous conversion 
of lactose from milk or whey for longer durations in a reactor. 
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Preparation of lactose-free milk by using 
salt-fractionated almond iAmygdalus 
communis) /^-galactosidase 
Toshiba Haider and Qayyum Husain* 
Department of Biochemistry, Faculty of Life Sciences. Aligarh Muslim University. Aligarh'202 002. U.P. India 
Abstract: ^-galactosidase was isolated from almond [Amygdalus communis) extract by ammonium sulfate 
precipitation. Almond proteins precipitated by using ammonium sulfate and then dialysed exhibited 5.3-foId 
purification of ^-galactosidasc, and the yield of enzyme preparation was 96.5%. The partially purified ^-
galactosidasc exhibited pH and lompcraturc optima at pH 5.5 and 50 °C, respectively. The enzyme was significantly 
stable against heat, pH, calcium and magnesium ions and D-galactose. The almond j3-galactosidase preparation 
exhibited over S9''/i> activity even after 2 months storage at 4 ' C . Hydrolysis of lactose in milk and whey was 
performed in a stirred batch process by using this enzyme preparation. These observations indicated that the 
hydrolysis of lactose increased continuously with t ime. The enzyme could hydrolyse 94% of lactose in buffer 
solution and whey whereas 90% )f lactose hydrolysis was achieved in milk. The main a im of the present study was 
to prepare lactose-free milk, which must be free from contamination, and the process should be inexpensive. 
© 2007 Society of Chemical Industry 
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INTRODUCTION 
^-Galactosidase (E.C.3.2.1.23) is widely distributed 
in nature and is produced by microorganisms, plants 
and animals. )3-Galactosidase from various microbial 
and plant sources has already been employed for 
the hydrolysis of lactose.'"^^ Extensive research efforts 
have been made to investigate the possibilities offered 
by ^-galactosidase in dairy technology.**•' The use of 
immobilised lactase in the production of lactose-free 
milk has been c^escribed by a number of workers.*-^"'° 
However, the immobilisation process required 
purified enzyme and an expensive matrix,^" "^  which 
further increase the production costs of lactose-free 
milk. In some instances the immobilised enzyme is 
either less stable or detached from the support during 
operation. Passing miJk through a reactor is also a 
source of contamination and can sometimes cause 
problems."- '^ The use of a soluble enzyme from plant 
products can facilitate and simplify the production of 
lactose-free milk. Almonds {Amygdalus communis) are 
used as dried fruits, and almond paste has been used 
traditionally for many centuries to prepare digestible 
milk in India. 
Hence, an effort has been made to investigate the-
feasibility of hydrolysing lactost from milk or whey by 
using partially purified almond /3-galactosidase. The 
stability of this enzyme was examined against various 
parameters which affect its activity in milk or whey, 
such as temperature, pH , calcium and magnesium ions 
and D-galactose. The storage snibility of the almond /?-
galactosidase at 4 ° C was also n- onitored for 3 months. 
The hydrolysis of lactose in whey and milk was also 
carried out in a stirred-batch reactor for varying time 
intervals. 
MATERtALS AND METHODS 
Materials 
Glucose oxidase, o-nitrophenyl ^-D-galactopyranoside 
CONPG), glucose oxidase and peroxidase were 
obtained from Sigma Chemical Co. (St Louis, M O , 
USA). o-Dianisidine-HCl was obtained from IGIB, 
New Delhi, India. D-Glucose, galactose and lactose 
were obtained from SRL, Chemicals, Mumbai, India. 
Almond was purchased from a local market. Buffalo 
milk was obtained from the local milk supplier. All 
other chemicals and reagents used were of analytical 
grade. 
Methods 
Ammonium sulfate fractionation of almond proteins 
Twenty-five grams of almond, soaked overnight, was 
homogenised in 250 m L of 0.1 mol L " ' sodium 
phosphate buffer, p H 5.5. The homogenate was kept at 
4 "C and was passed through four layers of cheesecloth. 
The filtrate was. then centriftiged at 10000 x ^ on a 
Remi R-24 Cooling Centrifuge (Remi Instruments 
Ltd, Mumbai , India) for lOmin at 4 ' 'C . The clear 
supernatant was subjected to salt fractionation by 
adding 0-80% (w/v) NH4SO4. The solution was 
stirred overnight at 4 " C and the precipitate obtained 
• CorrBSpondence to: Qayyum Husain. Department of Bk>chemistry, FAculty of Ufe Sciences. Aligarti Muslim Univereity AJiaarti-202 002 U P India 
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Preparation of tactose-free milk by using almond ^-galaaosidase 
was collected by centrifugation at 10 000 x ^ on a 
Remi R-24 Cooling Centrifuge for 10 min at 4 °C. The 
precipitate collected was re-dissoived in 100 mmol L " ' 
sodium phosphate buffer, pH 5.5 and dialysed against 
the assay buffer. 
Assay of fi-galaciosidase 
The procedure of Batra eial.^^ was used with 
slight modification for assaying the activity of 
y6-galactosidase. The hydrolytic activity of the 
enzyme was determined by measuring the release 
of o-nitrophenol from O N P G (o-nitrophenyl ^-D-
galactopyranoside) at 405 nm. 
Enzyme activity is defined as the amount of 
enzyme that liberates 1.0^mol o; o-nitrophenol (Sm = 
4 5 0 0 L m o l " ' ciu'^ m i n " ' ) under standard assay con-
ditions. 
Determination of protein concentra ion 
Protein was determined by using the procedure of 
Lowry et i/.''* Bovine serum albumin (BSA) was used 
as standard protein. 
Effect ofpH on the activity of ^-galactosidase 
The activity of almond /i-galactosidase (2.0 U) was 
measured in buffers at various p H values. The buffers 
used were glycine-HCl (pH 2 .0 -3 .0 ) , sodium acetate 
(pH 4 .0-4 .5) , sodium phosphate (pH 5.0-7 .5) and 
Tris-HCl CpH 8.0-10.0) . T h e molarity of each buffer 
was 0.1 mol L~ ' . 
Effect of temperature on the activity of ^-galactosidase 
The activity of ^-galactosidase (2.0 U) was assayed 
at various temperatures ( 2 0 - 8 0 ^ 0 . The activity at 
optimum temperature was considered for calculating 
the % activity i t other temperatures. 
Almond )3-galactosidase (2.0 U) was incubated 
at 40 ' 'C , 5 0 ' C and eO^C in 0.1 mol L ' ' sodium 
phosphate buffer, p H 5.5 for various time intervals. 
Aliquots were removed at indicated time intervals and 
activity was measured. Tlie activity obtained without 
incubation at 40 ^C, 50 ^C and 6 0 ' C was taken as 
control (100%) for the calculation of percent activity. 
Effect of calcium and magnesium ions on the activity of 
fi-galactosidase 
The effect of various concentrations (0 .1 -1 .0%, w/v) 
of calcium chloride/magnesium chloride on the activity 
of ^-galactosidase (2.0 U) was measured in 0.1 mol 
L" ' sodium phosphate buffer, p H 5.5. 
Effect of galactose on the activity of fi-galactosidase 
The effect of various concentrations (0 .1 -1 .0%, w/v) 
of galactose on the activity of y3-galactosidase (2.0 
U) was measured in 0.1 mol L,"' sodium phosphate 
buffer, p H 5.5. 
The hydrolysis of lactose from buffer solution by almond 
fi-galactosidase in a batch process 
lac tose (500mL, l.Omol L " ' ) prepared in 0.1 mol 
L~ sodium phosphate buffer p H 5.5 was treated with 
jf Set Pood AgricHTA27S-l2S3 (2007) 
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almond /?-galactosidase (1130 U) in a batch process 
for varying time intervals. Aliquots of 250^iL were 
taken out at the time intervals indicated. Phosphate 
buffer (0.5mol L " ' ) , pH 7.0, was added to all the 
aliquots to reduce the rate of the reaction and each tube 
containing treated lactose was kept in a boiling water 
bath for 5 min. Finally, tubes were cooled at room 
temperature. T h e hydrolysis of lactose was estimated 
by the glucose oxidase/peroxidase assay procedure. 
Hydrolysis of lactose from whey and milk by almond 
p-galactosidase in a batch process 
Milk was skimmed by centrifiiging cold milk at 
8000 x ^ for 20 min. The fat layer was removed 
and whey was prepared from the skimmed milk by 
acidifying with HCl imtil the p H reached 4.8, The 
casein was removed by centrifugation.* Prepared whey 
was stored at 4 ° C for further use. Skimmed milk 
(500 mL) and whey (500 mL) were treated with 1130 
U and 1700 U of almond ^-galactosidase, respectively, 
in batch processes for varying time intervals. Aliquots 
of 250 ^iL were taken out at indicated time intervals. 
The hydrolysis of lactose was estimated by the glucose 
oxidase/peroxidase assay procedure. 
Acid-mediated hydrolysis of lactose 
Five millilitres of lactose (2.0 mol L " ' ) was mixed 
witii 1 m L of 20% H2SO4. This acidified lactose 
solution was further neutralised with 10% NaOH at 
room temperature. Hydrolysed lactose was uken in 
increasing concentrations till 1.0 m L and the products 
were by using the glucose oxidase/peroxidase assay 
system. 
Measurement of hydrolysed lactose by fi-galactosidase 
The glucose oxidase/peroxidase assay system described 
by Hatton and Regoeczi'^ and later modified by Iqbal 
and Saleemuddin'* was used for assaying the free 
glucose concentration produced by the action of fi-
galactosidase. 
RESULTS 
Ammonium sulfate fractionation of almond 
)9-galactosidase 
^-Galactosidase was extracted from almond {Amyg-
dalus communis) by ammonium sulfate precipitation 
and the enzyme was purified as 5.3-fold after dialysis. 
The yield of the partially purified enzyme prepara-
tion so obtained was 96 .5%. The observed activity 
of ^-galactosidase was 11113 U g~' dry almonds. 
Salt-fractionated ^-galactosidase was considered for 
optimising conditions, which might be suitable for the 
hydrolysis of lactose in whey or milk. 
Stability studies of /3-galactosidase extracted 
from almond i/Unygdalus communis) 
In order to monitor the capability of this enzyme in the 
preparation of lactose-free milk several investigations 
have been performed. 
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pH-aciivity profile and pH stability 
Figure 1 demonstrates the pH-activity prorile ol' 
the almond ^-galactosidase. The optimum pH of 
;?-gaIactosidase was 5.5. At pH 6.0 this enzyme 
preparation exhibited 70% of the maximum activity 
whereas the activity of almond ^-galactosidase was 
considerably reduced at pH 7.0, i.e. only 18% of 
the initial activity. When this enzyme was incubated 
in the buffers of various pH values for varying time 
intervals, the activity of the enzyme was constant at 
pH 5.5 for 30min and then ihe activity gradually 
decreased to 86% after 4h, whereas the activity at pH 
5.0 and 6.0 reduced to 66% and 48%, respectively, 
after 4h (Table 1). These results showed that the 
enzyme was quite stable over the broad range of pH 
for longer duration. It could be suggested that the 
almond enzyme is suitable for hydrolysis of lactose 
present in milk or whey as pH values range from 
approximately 6.5 formilk to 4.5 or 5.0 for acid whey. 
110 
Figure 1. pH-activity profile of almond ^-galactosidase. The enzyme 
activity o> almond /j-galactosidase preparations (2.0 U) was 
measured in buffers at various pH values. The buffers used were 
glycine-HCI (pH 2.0-3.0), sodium acetate (pH 4.0-4.5). sodium 
phosphate (pH 5.0-7.5) and Tris-HCI {pH 8.0-10.0). The molarity of 
each buffer was lOOmmol L^ \ The activity at pH 5.5 was taken as 
control (100%) for the calculation of percent activity. 
An equal and appropriate amount of soluble almond /(-galactosldase 
was assayed in the buffers of varying pH values. The initial enzyme 
activtty at pH 5.5 was considered as conlnal (tOO%) for calculating 
the activity at other pH values as well at the same pH after different 
incubation periods. 
Each value represents the mean for three independent experiments 
perfomwd in duplicate, with average standard deviation <5%, 
Effect of temperature 
The temperature optimum of almond ^-galactosidase 
was 50 'C (Fig. 2). In order to monitor the stability of 
^-galactosidase at high temperatures, the enzyme was 
incubated at 40 °C, 50 ^ C and e C C for various time 
intervals. After 30min at 50 °C the enzyme retained 
76% activity whereas 51% of the original activity was 
observed after 4 h. However, this enzyme preparadon 
exhibited only 50% of the initial enzyme activity at 
60 "C after I h of incubation. Moreover, almond ^-
galactosidase retained more than 78% of the initial 
enzyme activity even after 4h incubation at 40 "C 
(Fig. 3). 
Effect of calcium and magnesium ions 
Calcium is one of the important components of milk. 
Therefore, it is important to evaluate the stability of/?-
galactosidase in the presence of diflferent concentration 
110 
0 10 20 30 40 50 60 70 80 90 
Temperalure ("C) 
Figure 2. Temperature-activity profile of almond ^-galactosidase. 
The enzyme activity of almond j9-galactosidase preparations (2.0 U) 
was measured in lOOmmol L" ' sodium phosphate buffer, pH 5.5 at 
various temperatures. The activity obtained at 50 'C was taken as 
control (100%) for the calculation of percent activity. 
120 
Table 1. Stability (measured as remaining 
^-paJaclosidase in buffers of diUerenl pH 
pH Control 
4,5 52 
5.0 80 
5.5 100 
6.0 70 
7.0 18, 
15 
51 
80 
100 
70 
16 
% activity) of almond 
Time of incubation (min) 
30 
50 
80 
100 
70 
T4 
45 
48 
78 
99 
67 
13 
60 
47 
74 
95 
64 
12 
90 
46 
72 
93 
60 
10 
120 
45 
71 
91 
56 
9 
240 
41 
66 
86 
48 
7 
1 
1 
£ i 
CL 
120 150 180 210 240 270 300 
Time (min) 
Figure 3. Thennal denaturation of almond /S-galactosidase. Almond 
/(-galactosidase (2.0 U) was independently incubated at 40''C (•), 
50 'C (• ) , and eO'C (V) in lOOmmol L"^ sodium phosphate buffer, 
pH 5.5 for various time inten^ls. The aliquots of the enzymes were 
collected after each incubation time and activity of the enzyme was 
determined. The enzyme unexposed at 40 'C, 50°C and 60°C was 
considered as control 000%). 
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of calcium chloride. The incubation of almond fi-
galactosidase for 1 h with increasing concentration of 
calcium chloride showed an increase in activity up 
to 120% and then the activity became constant. The 
activity of ^-galactosidase was considerably reduced 
to 52% after treatment with 1% calcium chloride 
(Fig. 4). The exposure of /j-galactosidase to 1% 
magnesium chloride enhanced its activity to 129% 
(Fig. 4). The presence of magnesium chloride does 
not influence the activity of ^-galactosidase. 
Effect of galactose 
Galactose is one of the products of the /i-galactosidase-
catalysed hydrolysis of lactose. T h e effect of increasing 
concentrations of galactose on the activity of almond 
/i-galactosidase is shown in Fig. 5. T h e incubation of 
/i-galactosidase with 1.0% galactose for 1 h at 37 °C 
decreased /J-galactosidasc activity to 58%. 
0.2 0.3 0,4 0.5 0,6 0.7 0.8 0.9 1.0 
CaC(2/MgCr2(%) 
Figure 4. Effect of calcium cfiloride (o ) or magnesium chloride (• } 
on almond ^-galac'osidase. Almond /j-galactosidase (2.0 U) was 
incubated with increasing concentration of calcium 
chloride/magnesium chloride {0.1-1.0%, w/v) in lOOmmol L"' 
sodium phosphate buffer, pH 5.5 for l h at 37 "C. The activity of the 
enzyme was determined as described in the text. 
• > 
1 
c 
a> 
o 
o 
Q. 
110 
100' 
90 
80 
70 
60 
50-
40-
30' 
20 
10' 
0 
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
Galactoi;e(%). 
Figure 5. Effect of galactose on almond jy-galactosidase. Almond 
/(-galactosidase (2.0 U) was incubated vvith increasing concentrations 
of galactose (O.t-t .0%. w/v] in 100mm al L" ' sodium phosphate 
buffer, pH 5.5 for 1 h at 37 'C. The activity of the enzyme without 
added galactose was considered as the control. The activity of the 
enzyme was determined by using ONPG as substrate. 
ySdFoodAgric 87:1278-1283 (2007) 
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Storage stability 
Storage stability oi partially purified almond fi-
galaciosidase at 4 ' 'C was monitored at intervals of 
10 days for 2 months (Table 2). The enzyme retained 
almost 89% of the original activity after a period 
of 2months storage at 4 ° C . Thus , almond ^ -
galactosidase is highly stable at 4°C. 
Hydrolysis of lactose in batch process mediated 
p-galactosidase 
The hydrolysis of lactose was monitored by sampling 
the treated lactose at regular time intervals. The 
hydrolysis of lactose was continuously increased up to 
6 h. At 6 h, a maximum of 94% lactose was hydrolysed 
to its basic components. After 6 h there was no further 
enhancement of the hydrolysis of lactose and this was 
monitored for up to 12 h (Table 3). 
Hydrolysis of whcylmilk in a batch process mediated by 
almond fi-galactosidase 
Table 4 demonstrates the hydrolysis of lactose present 
in whey and milk. Within 120min 94% of lactose 
Table 2. Storage activity of partially purified almond /l-galactosidase 
Days Remaining activity (%) 
Control 
10 
20 
30 
40 
50 
60 
100 
100 
100 
98 
96 
92 
89 
An equal and appropriate amount of almond ^-galaclosidase was 
assayed in sodium phosphate buffer, pH 5.5 a( inten/als of lOdays. 
The enzyme activity measured on the first day was considered as the 
control (100%) for calculating further storage activity. 
Each value represents the mean for three independent experiments 
performed in duplicate, with average standard deviation <5%. 
Table 3. Enzymatic hydrolysis of lactose by salt fractionated almond 
/f-galactosidase 
Time (h) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
12 
Moles of glucose formed 
per 500 mL 
0.122 
0,176 
0.22 
0.24 
0.28 
0.31 
0.31 
0.31 
0.31 
0.31 
% hydrolysis 
37 
53 
67 
73 
8A 
94 
94 
94 
94 
94 
Lactose (5XmL, I.Omol L"') was treated with 1130 U of almond 
^-galactosidase. Atiqi-ots were analysed for the formation of glucose 
by using the glucose oxidase/peroxidase assay procedure. 
The acid-hydrolysed lactose was also estimated by using the same 
procedure. The acid-hydrofysed product was considered as 100%. 
Each value represents the mean for three independent experiments 
performed in duplicate, with an average standard deviation <5%. 
Mean = 78.4, SD = 20.457, SEM = 6.46. 
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in whey and 90% of lactose in milk was hydrolysed, 
respectively, to its basic components and there was no 
further increase in the hydrolysis of lactose up to 7 h. 
DISCUSSION 
^-Galactosidases are enzymes that are able to work 
in a relatively broad pH range; for example, fungal 
enzymes work in the pH range of 3-4, whereas 
enzymes from yeast and bacteria act between pH 
6 and 7. Almond jS-galactosidase exhibited its pH 
optima at pH 5.5 (Fig. 1). It has earlier been reponed 
that the pH optima of the plant j3-galactosidases 
were in the acidic pH range'"' while those from 
bacteria were near the neutral range. Depending on 
the natural source where lactose is present, pH values 
range between approximately 6.5 of milk to 4.5 or 
5.0 of acid whey.'^ The temperature optimum of 
almond ^-galactosidase was 50 °C (Fig. 2). The loss of 
activity of the enzyme by incubating it at various time 
intervals at higher temperatures could be attributed 
to enzyme unfolding.'^ Rejikumar and Devi'^ showed 
that deactivation is greatest at 60 °C, while at 65 °C the 
enzyme is completely denatured and loses its activity 
after 1 h of incubation. 
Calcium is one of the important components of 
milk. Here, the stability of ^-galactosidase in the 
presence of different quantities of calcium chloride 
has been monitored (Fig. 4). Lee ef ta/." have shown 
that the enzyme activity was decreased in buffers 
that contain Ca^^. There was an enhancement in the 
activity of ^-galactosidase when it was incubated with 
increasing concentrations of MgClj solution (Fig. 4). 
Table 4. Enzymatic hydrolysis of lactose in whey/milk by 
salt-fractionaled almond /^-galaclosidase 
Time 
(min) 
30 
45 
60 
120 
180 
240 
300 
360 
Whey 
Moles of 
glucose formed 
per 500 mL 
0.22 
. 0.24 
0.28 
0.31 
0.31 
0.31 
0.31 
0.31 
Lactose hydrolysis 
Percent 
64 
71 
83 
94 
94 
94 
94 
94 
Milk 
Moles of 
Qiucos0 formed 
per 250 mL 
0.18 
0.22 
0.26 
0.30 
0.30 
0-30 
0.30 
0,30 
Percent 
50 
63 
79 
90 
90 
90 
90 
90 
Whey {500mL} and milk (500mL) were treated with 1130 U and 
1700 U of almond /f-galactosidase, respectively. Aliquols of 250fiL 
were analysed tor the formation of glucose by using glucose 
oxidase/peroxidase assay procedure. 
Whey and milk were also treated with acid for the hydrolysis of their 
lactose and hydrolysed lactose was estimated by using the same 
procedure. The acid hydrolysed product was considered as 100%. 
Each value represents the mean for three independent experiments 
pei.'onned in duplicate, with average standard deviation <5%. 
Mean = 86, SD = 12.17, SEM = 4.30 (whey), 
fwlean = 79.75. SD = 15.23, SEM = 5.38 (milk). 
1282 
These results are in agreement with earlier reports that 
the addition of Mg^ "*" caused a steady increase in the 
activity of ^-galactosidase.^° 
Galactose is one of the products of ^-galactosidase-
catalysed hydrolysis of lactose. There are numerous 
earlier reports about the inhibition of ^-galactosidase 
activity by galactose. In this work we attempted to 
investigate c^ 'e effect of various concentrations of 
galactose on 'iie activity of almond ^-galactosidase 
(Fig. 5). This enzyme activity was considerably 
decreased in the presence of high concentrations of 
galactose. It has already been demonstrated that fi-
galactosidase was strongly and competitively inhibited 
by the hydrolysed product of lactose.''-^''^^ 
Lactose is the dominant carbohydrate in milks, 
which are the only significant natural sources of 
lactose. Lattose hydrolysis is a promising process 
in the food industry for the development of lactose-
free products.^** The use of acids is not adequate 
to hydrolyse lactose in milk and whey because of 
the generation of nasty flavours, odours and colours 
during the processj and the reduction in alimentary 
properties of milk.' When the enzymatic treatment is 
performed with ^-galactosidase as catalyst the taste 
of milk is only changed to a sweeter one (glucose 
and galactose are four rimes sweeter than the lactose 
from which they come) and the development of 
lactose crystals in refrigerated products is avoided.''^ 
Enzyme activity was determined by sampYmg at 
regular time intervals and measuring glucose by the 
glucose oxidase/peroxidase assay system. The test 
uses a coupled enzyme reaction in which a coloured 
solution is obtained. The glucose concentration 
proportional to the solution colour is determined 
spectrophotometrically.^*^ 
Here the maximum lactose hydrolysis of 94% 
and 90% in whey and skimmed milk was achieved 
in 120 min, respectively, which is attributed to the 
higher rate of enzyme reaction^ whereas 88% of 
lactose hydrolysis in milk was achieved in 180 min 
of incubation time, as shown by Panesar etal}^ As 
the rate of hydrolysis of lactose in whey and milk are 
dependent on the activity of ^-galactosidase which, in 
turn, depends on the amount of enzyme and reaction 
conditions such as pH, temperature and processing 
time.^^ Therefore, a higher % of lactose hydrolysis 
was seen in whey as compared to skimmed milk. 
As the pH of whey ranges fix)m 4.5 to 5.0 whereas 
the pH of milk ranges fi"om 6.5 to 6.8, almond fi-
galactosidase showed nearly 55% activity at pH 4.6 
whereas its activity' considerably decreases at pH 7.0. 
Because of this, more enzyme has been used in the 
case of skimmed milk. 
Several workers have used immobilised enzymes 
from various sources for the production of lactose-
free milk.^ -^^ *'"^^ Immobilisation of enzymes is quite 
an expensive and time consuming process. However, 
sometimes such processes could also introduce 
contaminants into the milk. Quahty control of milk 
and its derivative is a very demanding field, and 
ySd food Agric $1:1279-12B$ (2007) 
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sensitive, time saving and accurate analytical methods 
are required.^^ Therefore, in view of the demand 
for lactose-free milk our procedure is inexpensive 
and very easy to handle. By using this procedure 
laaose-intolerant people can obtain lactose-free milk 
very easily even at home. The antioxidant activity of 
almond will make this food more useful. Additionally, 
proteases in almond can digest milk proteins. The 
addition of almond extract in milk will increase its 
nutritional value. Thus, milk treated with almond 
extract can be advised for people who have a problem 
with digesting lactose. 
CONCLUSION 
An effort has been made to develop an inexpensive and 
simple procedure to prepare lactose-free milk without 
requiring much expensive equipment and system. The 
use of salt fractionated ^-galactosidase does not affect 
the protein content and other components of milk 
and whey. Various stability properties of this enzyme 
have proved its capability in the hydrolysis of lactose 
present in milk or whey. Milk treated by enzymic 
methods retains its original nutritional value because 
glucose and galactose (arising from lactose hydrolysis) 
are not removed. 
ACKNOWLEDGEMENTS 
The authors thank the University Grants Commission 
and Department of Science & Technology, Govern-
ment of India, New Delhi, for providing special grants 
to the department in the form of DRS and FIST, 
respectively. 
REFERENCES 
1 Beccira M, Cerdan E arid Siso MIG, Dealing with different 
methods for Kluveromyces lactis fi gataLtosiJasc purification. 
Biol P. xed Online 1A8-58 (1998). 
2 Carrey AT, Holt K, Picard S, Wilde R, Tucker GA, Bird CR, 
ecal. Tomato exo (l-4)-/f-D-galactanasc: isolation, changes 
during ripening in normal and mutant tomato fruit, and 
characterization of a related cDNA clone. Plant Physiol 
108:1099-1107 (1995). 
3 Carrington CMS and Pressy R, (i galactosidase 11 activity in 
relation to changes in celf wall galactosyl composition during 
tomato ripening.7/!w;Soir//Dn 5c; 121:132-136 (1996). 
4 Smith DL, Starrett DA and Gross KG, A gene coding tomato 
fruit 0 galactosidase 11 is expressed during fruit ripening. Plant 
Phyiiol 117:417-423 (1998). 
5 Ross GS. Redgwell RJ and MacRae EA, Kiwifruit fl galactosi-
dase isolation and activity against specific; fruit cell wall 
polysaccharides. Plania 189:499-506 (1993). 
6 Roy I and Gupta MN, Lactose hydrolysis by Lactozym™ 
immobilized on cellulose beads in batch and fluidizcd bed 
modci. Process Biochcm 39:325-332 (2003). 
7 A!-Muftah AE and Abu-Rcesh IM, Effects of internal mass 
transfer and product inhibition on a simulated immobilized 
enzyme-catalyzed reactpr for lactose hydrolysis. Biochem Eng 
J23:139-153(2005). 
8 Lartillot S, Immobilization of lactose on silica gel: Study of 
lactose hydrolysis using the immobilized material. Biochem 
£duc 21:157-159 (1993). 
9 Bakken AP. Hill Jr CJ and Amundson CH, Hydrolysis of lactose 
in skim mii'' by immobilized ^ galactosidase in a spiral lluw 
reactor. Bio'xhnolBioeng 33:1249-1257 (1989). 
10 Bakken AP and Hill Jr CJi Hydrolysis of lactose in skim milk 
by immobilized 0 galactosidase (BacHluj drculans). Biottchnol 
BiOTM^  39:408-417 (1992). 
11 Nijipels HH, Lactases and their applications. In: Enzymes 
and Food processing, ed. by Birch CG, Blakebrough H and 
Parker KJ. Applied Science, London. 42: 89-104 (1981). 
12 Gckas V and Lopcz-Leiva M, Hydrolysis of lactose: a literature 
review. Process Biochem 2Q:2-\2 (1985). 
13 BatraN, S i n ^ J , Baneqee UC, Patnaik PR and Sobti RC, 
Production and characterization of a thermostable ^ 
galactosidase &om Bacillus coagulans RCS3. Biotechnoi Appl 
Biochem 36A-6 (2002). 
14 Lowry OH, Rosebrough NJ, Farr AL and Randall RJ, Protein 
measurement with the folin phenol reagent, J Biol Chem 
193:265-275(1951). 
15 Haiton MWC and Regoeczi E, Proteolytic nature of com-
mercial samples of galactose oxidase. Biochim Biophys Acta 
438:339-346 ;i976). 
16 Iqbal J and Salecmuddin M, Sucrose hydrolysis using invenase 
immobilized on concanavalin A-Sepharose. Enzyme Micwb 
Technon:n3-nS {1985). 
! 7 Lee DH, Kang S-G, Suh S-G and Byun JK, Purification and 
characterization of a ^ galactosidase from peach {Prunus 
persica). Mol Cells 15:68-74 (2003). 
18 TanrisevenA and Dogan S, A novel method for the immobi-
lization of/f galactosidase. Process Biochem 38:27-30 (2002). 
19 Rejikumar S and Devi S, Hydrolysis of lactose and milk whey 
using a hxeii-bed reactor containing (i galactosidase covalently 
bound onto chitosan and cross-linked poly (vinyl alcohol). Im 
y Food SciTechnol 36:91-98 (2001). 
20 Kim SH, Urn KP and Kim HS, Differences in the hydrolysis 
of lactose and other substrates by ^-D-galactosidase from 
Kluveromyces lactis. J Dairy Sci 80:2264-2269 (1997). 
21 Fraguas LF, Bolon V and Viera FB, Affinity immobilization of 
fi galactosidase from Aspergillus oryzae on lectin based adsor-
bents, in Lectins, Biology, Biochemistry, Clinical Biochemistry, 
. vol. 13, ed. by Driessene E, Beeckmans S and Hansen TCB. 
TEXTOP, Hellerup, Denmark (1999), 
22 Portaccio M, Stellato S, Rossi S, Bcncivenga U, Eldin MSM, 
Gaeta FS, ec al. Galactose competitive inhibition of 0-
galactosidase (Aspergillus oryzae) immobilized on chitosan and 
nylon supports. Engyme Microb Technol 23:101-106 (1998). 
23 Zhou ZKQ, Chen XD and Li X, Kinetics of lactose hydrolysis 
by fi galactosidase of Kluyveromyces lactis immobilized on 
cotton fabric. BiotechnoiBioeng 81:127-133 (2003). 
24 SenerN, AparDK and OzbekB, A modeling study on 
milk lactose hydrolysis and p galactosidase stability under 
sonication. Process Biochem 41:1493-1500 (2006). 
25 Pancsar R, Panesar PS, Singh RS, Kennedy JF and Bera MB, 
Production of Jacrose-hydroJyzed miJk using ethanoJ pcrme-
abilized yeast ccUi. Food Chem 101:786-790 (2007). 
26 Ladero M, Perez MT, Santos A and Garcia-Ochoa F, Hydrol-
ysis of lactose by free and immobilized fi galactosidase from 
TTwiTOUJsp. strain T2.BK>McAno/Bkwv 81:241-252 (2003). 
27 Matioli G, Mores 'TT? and Zanin GM, Operated stability 
and kinetics of lactose hydrolysis by p galactosidase from 
Kluyveromyces fragais. Sciem HeaUh Sci 25:7-12 (2003), 
28 Genari AN, Passos FV and Passos FML, Configuration of 
a bioreactor for milk lactose hydrolysis, J Dairy Sci 
86:2783-2789 (2003). 
29 Cataldi TRI, Angeloiti M and Bianco G, Determination of 
mono- and disaccharides in milk and milk products by high-
performance anion-exchangc chromatography with pulsed 
amperometric detection. Anal Chim Acta 485:43-49 (2003). 
J 5 c i F o o t / . ^ ^ £ 8 7 : 1 2 7 8 - 1 2 8 3 (2007) 
DOI: 10.1002/jsfa 1283 
International journal of Pharmaceutics 359 (2008) l -6 
EISE\'1ER 
Contents lists available at ScienceDirect 
International Journal of Pharmaceutics 
journal homepafle: www.elseViiBf.com/IocBte/tJphaynj 
Concanavalin A layered calcium alginate-starch be^ds immobilized P 
galactosidase as a therapeutic agent for lactose intolerant patients 
Toshiba Haider. Qayyum Husain* 
Department of Biochemistry. Faculty of Life Sciences. Aligaiii Muslim University, Aligarh 202002, U.P., India 
A R T I C L E I N F O 
Article history: 
Received 16 January 2008 
Received in revised form 13 March 2008 
Accepted 13 March 20OS 
AvaiUble online 22 March 2006 
Keywords: 
AspergiUus oryzae 
p galactosidase 
Concanavalin A 
Calcium alginate 
Immobilization 
Lactose hydrolysis 
A B S T R A C T 
A novel therapeutic agent in the form of 3 galactosidase immobilized on the surface of concanavalin A 
layered calcium alginate-starch beads has been developed. Immobilized p galaaosidase exhibited signif-
icantly very high stability against conditions of digestive system such as pH, salivary amylase, pepsin and 
trypsin. Soluble and immobilized p galaaosidase exhibited same pH-optima. Howrever. the immobilized 
enzyme retained greater fraction of catalytic activity at higher and lower pH to pH-optima as compared 
to soluble enzyme. Immobilized enzyme preparation was quite stable under conditions present in mouth, 
stomach and intestine. Immobilized 0 galactosidase retained 65% activity even after its sixth repeated 
use. 
© 2008 Elsevier B.V. All rights reserved. 
1. Introduction 
3 galactosidases are abundant among micro-organisms, animals 
and plants {Haider and Husain, 2007a).These enzymes are increas-
ingly employed in the dairy industry. Their capacity as biocataiysts 
is to hydrolyze lactose in milk and whey which helps in the produc-
tion of low-lactose dairy products for people intolerant to this sugar 
and also serves to recycle whey which can be used as an additive 
for human or cattle feed (Zhou et al.. 2003; Phadtare et al., 2004). 
Lactase is the commot\ natne for lactase-phlorizin hydrolase (LPH), 
an enzyme located in the brush border of small intestinal entero-
cytes that is necessary for the digestion of lactose. Human LPH is 
encoded by the lactase gene located on the longarm of chromosome 
2 CKerber et al., 2007). Lactose intolerance occurs in children shortly 
after weaning, when production of the lactose-digesting enzyme, 
lactase is down-regulated in the gut (Stelano et al.. 2001). 
The symptoms of lactose intolerance tend to be primarily gas-
trointestinal in origin (Wilson. 2005). When lactase is absent or 
deficient, hydrolysis of lactose is incomplete as it is osmotically 
active, the undigested sugar will pull flui i into the intestine. Thus 
these lactose intolerant people are discouraged from consuming 
Abbreviations: Con A. concanavalin A; ONPC. o-nitrophenyl p-D-
galaciopyranoside: SPC. soluble p galactosidase; |0C. immobilized p galactosidase. 
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milk and may lose a major source of calcium and high quality pro-
tein from their diets (Suarez et al., 1995; Kim et al., 1999; Heyman. 
2006). Milk is the most important source of energy during the 
first year of a human's life, providing almost half the total energy 
requirement of infants (Vesa et al., 2000). In order to prevent lac-
tose intolerance, the need for lactose-free milk and its products 
arises. 
Immobilized enzymes are generally more stable and there are 
many potential applications that range from chemical synthesis 
to biotechnology and medicine (Uang et a!.. 2000). Immobiliza-
tion of p galactosidase in liposomes may be useful in order to 
overcome the shortcoming of lactose hydrolysis, p galactosidase 
microencapsulation in lipid vesicles has been delivered for treat-
ing lactose intolerance but there was a problem of contact between 
the enzyme and substrate (Walde and Ichikawa, 2001; Monnard. 
2003: Nogales and Lopez, 2006). Very few other immobilized p 
galactosidase preparations have shown their potential in targeting 
lactose present in small intestine. Based on applications, there are 
many different types of polymers used for enzyme immobilization 
(Propkop et al.. 1998). Chitosan is biocompatible and has been used 
in nuny applications including drug delivery systems. The disad-
vantage of chitosan is its limited solubility in water and the low 
pH of chitosan solution tends to denature most proteins and cells 
(Taqieddin et al.. 2002). Starch is a high molecular weight polymer 
and is used as the coating polymer which afforded the probiotic 
strain survives in the adverse environmental conditions (O'Riordan 
et al., 2001; Lanthong et al, 2006). Now need has arisen to develop 
such a preparation where enzyme would be immobilized on large 
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surface area of the support and it could easily hydrolyze lactose 
deposited in the lumen of the small intestine. 
Here an attempt has been made to immobilize p galactosidase 
on the large surface of concanavalin A (Con A) layered calcium 
alginate-starch beads. In order to examine the suitability of this 
immobilized 3 galactosidase as oral therapeutic agent for the treat-
ment of patients suffering from lactose intolerance, we have studied 
the stability of immobilized p galactosidase against the condi-
tions of alimentary canal/digestive system, such as varying pH. 
trypsin, pepsin and salivary a amylase. The reusability of immo-
bilized enzyme in the buffer of varying pH and in the assay buffer 
was also investigated. 
2. Materials and methods 
2.1 Materials 
Aspergillus oryzoe p galactosidase (3.2.1.23), galactose and glu-
cose were obtained from Sigma Chem. Co. (St. Louis, MO) USA. 
o-Nitrophenyl p-p-galactopyranoside (ONPC) and starch were 
obtained from SRL, Chemicals, Mumbai, India. Sodium alginate was 
the product of Koch-Light Lab (Colnbrook, UK). Jack bean meal 
was procured from DIFCO, Detroit, USA. All other chemicals and 
reagents used were of an analytical grade. 
2.2. Preparation of calcium alginate-starch beads 
An aqueous mixture of sodium alginate (2.5%) and starch (2.5%) 
was slowly extruded as droplets through a 5.0-mL syringe with 
attached gauge needle No. 20 into 0.2 M calcium chloride solution. 
The formation of calcium alginate-starch beads was instantaneous 
and the beads were further gently stirred in calcium chloride solu-
tion for 2 h (Matto and Husain. 2006). The beads were washed and 
stored in 0.1 M acetate buffer. pH 4.6 at 4 C. until further use. 
2.3. Binding of Con A on the surface of calcium alginate-starch 
beads 
Jack bean extract (10%, w/v) was prepared by adding 5.0g of jack 
bean meal to 50 mLof 0.1 M Tris-HCI buffer. pH 6.2 with slight mod-
ification from the earlier used method (Haider and Husain, 2007b). 
Calcium alginate-starch beads were incubated overnight with jack 
boan extract (25 mL) containing Con A, at 30 °C with mild stirring, p 
galactosidase (2100 U) was incubated overnight with Con A layered 
calcium alginate-starch beads at room tumperature (30"C) with 
slight stirring. The bound enzyme was separated from the unbound 
enzyme by repeatedly washing with 0.1 M sodium acetate buffer, 
pH 4.6. 
2.4. Crosslinking of immobilized fi galactosidase 
Con A layered calcium alginate-starch beads immobilized P 
galactosidase was crosslinked by 0.5% (v/v) glutaraldehyde 2h at 
4 C Ethanolamine was added to a final concentration of 0.01* 
(v/v) to stop the crosslinking. Crosslinked beads were allowed 
to stand with ethanolamine for 90min at 30 'C. The integrity of 
crosslinking was examined by incubating beads in 1.0 M methyl-a-
D-glucopyranoside for 2 h. No enzyme activity was released from 
the beads; it indicated complete crosslinking of the immobilized 
enzyme. 
2.5. Effect of phi on the activity of soluble and immobilized fi 
galactosidase 
The activity of p galactosidase (2.0 U) was measured in buffers 
of various pH values. The buffers used were glycine-HCl (pH 2.0 
and 3.0). sodium acetate (pH 4.0-6.0) and Tris-HCI (pH 7.0-10.0). 
The molarity of each buffer was 0.1 M. The activity at pH 4.6 was 
taken as control (10056) for the calculation of percent activity. 
2.6. Stability of soluble and immobilized fi galactosidase at pH 
2.0.4.6 and 7.0 
The stability of soluble and immobilized p galactosidase was 
monitored by incubating the enzyme in the buffers of different pH 
(2.0.4.6 and 7.4) for various time intervals at 37 ''C. After incubation 
in varying buffers, beads were washed with assay buffer and their 
activity was determined by ONPG. 
2.7. Reusability of immobilized fi galactosidase in the buffers of 
varying pH 
The activity of immobilized 3 galactosidase was initially 
checked in 0.1 M sodium acetate buffer. pH 4.6. p galactosidase 
bound beads were taken out from the assay tubes and washed and 
incubated in 0.1 M glycine-HCl buffer. pH 2 for 30min for assay-
ing the activity with ONPC. These beads were further washed with 
0.1 M sodium acetate buffer pH 4.6 and the same beads were taken 
for determining the activity of p galactosidase in Tris-HCI, pH 7.4. 
The same procedure was repeated after 1 and 2 h, 
2.8. Effect of salivary amylase on the activity of soluble and 
immobilized fi galactosidase 
Con A layered calcium alginate-starch beads surface immo-
bilized p galactosidase (2.0 U) was incubated with increasing 
concentrations of salivary a amylase (20-200 U) in 0.1 M sodium 
acetate buffer, pH 4.6 for 4 h at 37 C The activity of the enzyme 
without salivary amylase treatment was considered as control 
(100%) for the calculation of remaining activity. 
2.9. Effect oftrypsin/pepsin on the activity of soluble and 
immobilized fi galactosidase 
Soluble and immobilized preparations of p galactosidase (2.0 U) 
were incubated with increasing concentrations oftrypsin/pepsin 
(0.025-0.150 mgmL-') at 37 =C for 1 h. After incubation period the 
P galactosidase activity was determined as described in the assay 
procedure. 
2.10. Reusability of immobilized fi galactosidase 
Calcium alginate-starch beads were taken in triplicates and 
were assayed for the activity of p galactosidase. After each assay, 
beads were taken out and stored in 0.1 M sodium acetate buffer. pH 
4.6 for 6h. This procedure was repeated for six successive cycles. 
The activity determined for the first time was considered as control 
(100%) for the calculation of remaining percent activity after each 
use. 
2.11. Assay of fi galactosidase 
P galactosidase was determined by measuring the release of o-
nitrophenol from o-nitrophenyl p-D-galactopyranoside at 405 nm 
(Haider and Husain. 2008). 
One unit (l.OU) of p galactosidase activity is defined as the 
amount of enzyme that liberates LOttmole of o-nitrophenol 
(Cm -4500Lmo|- ' cm-') per minute under standard assay condi-
tions. 
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Table 1 
tmmobiliutionof ^ galactosidase on the surface of Con A layered calcium alginate-starch beads 
Enzyme preparation Enzyme activity 
loaded. X(U) 
Enzyme activity 
in washes. V[U] 
Activity boundg~' algiiute-starch beads Activity yield BjA x 100 
Theoretical (X-y)-** Actual-B 
Eiizyme adsorbed on the surface of 
^ y m e adsorbed on tKe'surf^ce of 
beads and crasslinked by 
glutaraldehyde 
2100 250 1850 
1850 
1406 
1314 
76 
71 
2.12. Protein estimation 
Protein concentration was determined by using dye binding 
method (Bradford, 1976). Bovine serum albumin was used as a 
standard protein. 
2.13. Statisticd analysis 
Each value represents the mean for three-independent exper-
iments performed in duplicates, with average S.D. <5%. The data 
expressed in various studies was plotted using Sigma Plot-9 and 
Origin-6.1 and expressed as mean with standard deviation of error 
(±). Data was analyzed by one-way ANOVA. P-values <0.05 were 
considered statistically significant. The diameter of the calcium 
alginate-starch beads (0.33 cm) was calculated by Vernier Callipers 
with the least count of 0.01 cm. 
galactosidase preparations showed same pH-optima. However, the 
immobilized enzyme had a significant broadening in the pH-
activity profile as compared to the soluble enzyme. Immobilized 
^ galactosidase retained very high activity at acidic and alkaline 
side of the pH-optima than the soluble enzyme. Immobilized 3 
galactosidase retained 84% and 95% activity at pH 3.0 and 5.0, 
respectively whereas the soluble enzyme showed 52% and 78% of 
the original activity under similar conditions, respectively. 
The pH stability was monitored by incubating the soluble and 
immobilized enzyme in the buffers of various pH (2.0.4.6 and 7.4) 
for varying times. There was no appreciable loss in the activity of 
immobilized 3 galactosidase when it was incubated in the buffer 
of pH 4.6 for 5 h whereas, soluble enzyme has exhibited a loss of 9% 
activity under similar experimental conditions (Table 2), Thus solu-
ble p galactosidase denotes significant (P< 0.05) change (decrease) 
3. Results 
3.1. Immobilization o/^ galactosidase on the surface of Can A 
layered calcium alginate-starch beads 
The calcium alginate-starch beads were spherical in shape, the 
area calculated was found to be 341.94 x 10"^ cm^. The volume of 
the spherical beads was 18.80 x lO-^cm^. Table 1 demonstrates 
the immobilization of p galactosidase on Con A layered calcium 
alginate-starch beads. Calcium alginate-starch beads retained 
nearly 76% of the original activity. However the crosslinking with 
glutaraldehyde resulted in a marginal Ic ss of enzyme activity and 
it showed nearly 71% of the initial activity. 
3.2. Effect ofpH on the activity of soluble and immobilized fi 
galactosidase 
Fig. 1 demonstrates the pH-activity profiles of soluble and 
immobilized p galactosidase. The soluble and immobilized p 
i 
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Fijt 1. pH-ac(ivity profiles of soluble and immobilized ^ galactosidase. The enzyme 
activity of soluble and immobilized P galactosidase (2.0 U) was measured in buH'ers 
of various pH. The bufFers used were glycine-HCI (pH 2.0 and 3.0). sodium acetate 
(pH 4.0-6.0). and Tris-HCl (pH 7.0-10.0)^ The molarity of each bufter was 0.1 M. The 
activity at pH 4.6 was taken as control (100X) for the calculation or percent activity. 
The symbols show soluble ( • ] and immobilized (Q) ^ galactosidase. 
Table 2 
Effect of lime on the stability of soluble and immobilized ^ galactosidase at varying pH 
Time{min) Remaining aaivity [%) 
pH2.0 pH4.6 
spc IpG SBG l^C 
0 
30 
60 
120 
180 
240 
300 
39.63 ± 0.75 
37.68# ± 1.73 
34.77# ± 1.17 
30.70# ± 1.32 
27.56# ± 0.65 
25.27# ± 0.93 
22.09# ± 0.97 
70.56 ± 0.59 
70.53# ± 0.85 
69.76# ± 1.49 
68.73# ± 0.73 
68.22# ± 1.61 
68.19# ± 1.43 
66.71* ± 0.67 
99.58 ± Oja 
99.42# ± 0.54 
96.58# ± 0.49 
93.93# ± 1.01 
92.45* ± 0S8 
9 U 2 # ± 1,23 
90.69* ± 0.63 
99.92 ± 0.08 
99.73* ± 0JZ5 
99.67' ± 033 
99.02* ± 0.18 
98.78* ± 032 
98.60* ± 0.48 
98.50* ± 0.46 
pH7.4 
S ^ 
24.82 ± U g 
23.79* ± a71 
20.45* i 0.84 
19.41* ±1.75 
17.02* ± L20 
14.47* ± 0.96 
10.65* ±0.80 
I^G 
53.66 ± 1.10 
52.78* ± 0.85 
52.04* ± 0.78 
4 9 J 2 * ± 0.57 
4S.62* ± 1.32 
46.48* ± 0.69 
45.04* ± 0.81 
The stability of soluble and immobilized p galactosidase was examined by incubating the enzyme in the buffer of different pH [2.0.4.6 and 7.4) for various times at 37 C 
After incubation in varying buffers for various times the beads were taken out and washed with assay buffer. The activity of enzyme was determined as described in the text. 
The values of soluble and immobilized g galactosidase at pH 2.0,4.6 and pH 7.4, were analyzed by one-way ANOVA. *. denotes that the values (P< 0.05) were statisticaHy 
significant. All the values of soluble and immobilized p galactosidase at pH 2.0. pH 4.6 and pH 7.4 at difTerenl time intervals were compared with their comsponding pH at 
0 times (control); *. denotes that the values of immobilized p galactosidase at pH 4.6 were nearly constant and there was no change in activity till 5h. 
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Tabic 3 
Reusabilicy of immobilized (J galactosidasc in the buffers of varying pH 
Time of Incubation (min) 
0 
30 
60 
120 
Remaining activity (%) 
PH2.0 
70.78# ± 1.05 
68.88# ± X)-98 
66.2B# ± 1.19 
59.59# i 1.45 
pH4.6 
99.5^ ±.0.48 
99.55 ± 0.31 
99.51 ± 0.41 
99.50 ± 0.22 
pH 7.4 
53.77# ± 0.83 
53.58# ± 0.27 
49.58# i 0.82 
46.71#±0.S1 
The activity of immobilized p galactosidase ai pH 4.6 was considered as control 
(lOOX) for the calculation of percent aaivily at other pH. Enzyme activity of same 
beads was also determined in buffers of pH (2.0 and 7.4). The morality of each 
buffer was 0.1 M. The value of immobilized fJ galactosidase at pH 2.0 and pH 74 was 
compjred with conifol i.e. immobilized P g^lxtosidase at pH 4.6 and analyzed by 
one-wjy ANOV'A. #: denotes th.it the valuer (/'<0.05) were "it.uistically significant. 
in the activity of soluble enzyme whereas, there was no significant 
change in the activity of inimobilized p galactosidase even after 
5 h incubation at pH 4.6. The immobiUzed preparation was highly 
stable as compared to its soluble form. 
The soluble and immobilized p galactosidase showed 22% and 
67% activity at pH 2.0 and 11 % and 45^ activity at pH 7.4 after 5 h 
i ncubation, respectively {Table 2). At pH 2.0 and 7.4, in case of both 
soluble and immobilized p galactosidase (P< 0.05) as all the values 
were statistically significant. 
3.3. Reusability of immobilized (f gaiactosidase in the buffers of 
varying pH 
(n view of the severe conditions of acidity and bile concentra-
tions found in the gastrointestinal tract, we have studied the activity 
of the enzyme immobilized on the same beads at different pH. The 
enzyme activity was first monitored at its optimum-pH then the 
beads were exposed to pH 2.0 and again the activity ofsame beads 
was monitored at pH 7.4. The initial activity of enzyme was found 
to be 71% and 54* at pH 2.0 and 7.4, respectively whereas after 
60 min the activity of enzyme was 66% at pH 2.0 and 50^ at pH 
7.4. However. immobiJi2ed enzyme preparation retained 60* and 
47% activity at pH 2.0 and 7.4 after 2h incubation, respectively. 
These results thus suggested that prolong incubation of this immo-
bilized enzyme preparation does not affect much enzyme activity. 
In all the cases [P< 0.05) which thus denotes that the values of the 
immobilized p galactosidase were remarkably significant (Table 3). 
3.4. EJJecto/salivary amylase on the activity of soluble and 
immobilized p galactosidase 
The effect of a amylase activity was examined on the stability 
of immobilized p galactosidase (Fig. 2). The activity of immobi-
lized p galactosidase was nearly constant on incubating with high 
concentrations of salivary amylase. 
3.5. Effect of pepsin/trypsin on the activity of soluble and 
immobilized ji galactosidase 
The effect of increasing concentration of pepsin/trypsin on 
soluble and immobilized p galactosidase was demonstrated in 
Table 4. Immobilized p galactosidase showed no change in activ-
ity till (0.050mgml.-') when treated with pepsin for 1 h. Soluble 
P galactosidase showed 79% activity after exposure to pepsin 
{O.lSOmgmL"') for 1 h. while the immobilized p galactosidase 
retained nearly 95% enzyme activity under similar incubation con-
ditions. When compared with control, in case of both soluble and 
immobilized p galactosidase (P<0.05) after exposure to pepsin 
(0.150mgmL^')when incubated fori h. 
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Fig. 2. Effect of salivary amylase on immobilized P galactosidase, Con A layered 
calcium alginate-starchbeadssurface Immobilized ^galactosidase(2.0U)waS)ncu-
bated with increasing concentrations of salivary amylase (20-200 U] in 0.1 M sodium 
acetate buffer, pH4.6 for4h at 37 "C. The activity of the enzyme without salivary 
amylase treatment was considered ascontrol (10M] for the calculation of remaining 
percent activity after a amylase exposure. The activity of the enzyme was deter-
mined as described in the text The symbols show immobilized (O) P galactosidase. 
The activity of soluble enzyme increased to nearly 135% when 
treated with trypsin (0JD75 mg ml" ' ) for 1 h and its activity became 
constant on adding increasing concentration of trypsin. On expo-
sure to higher concentration of trypsin (>0,100mgmL-') the 
activity of soluble en^me started to decrease whereas, the immo-
bilized p galactosidase showed enhanced activity of nearly 145% 
under identical exposure. In case of both soluble and immobilized p 
galactosidase (P < 0.05) indicating that the values were statistically 
significant when treated with trypsin (0.150 mgmL"') for 1 h. 
3.6. Reusability of immobilized fi galactosidase 
Fig. 3 demonstrates the reusability of immobilized p galactosi-
dase. Immobilized enzyme preparation retained 55% of the original 
activity after sixth repeated use (Fig. 3). 
0 1 2 3 4 5 8 7 
Number of uses 
Rg. 3. Reusability of immobilized p galactosidase. Tlie reusability of immobilized 
p galactosidase was monitored at the gap of 6 h. The beads were taken in triplicates 
and were assayed for the remaining activity. 
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Table 4 
Effect of trypsin/pcpsin on soluble and immobilized P gjljctosidiise 
Concentration (mg mL"'} Remaining activity 1%) 
Trypsin 
SpG ipc 
ftpSJj) 
SpG 10C 
Control 99.6: ± 0 2 7 99.78 ± 0.23 99.63 ±0.16 99.90 ±0.01 
0 025 n4 .62#±1.54 123.33# ± 0.68 9 6 . 6 2 # ± 0 J 7 99.78'± 0.07 
0050 128,S7# ± 1.76 13928# ± 1.38 93.99# ± 1.76 98.90' ± 0J4 
0 075 13437* J. 0.77 145.08# ± 1.29 89.58# ± 1.13 97J2# ± 0,65 
0100 120.S5# ± 0.21 M3.a5# ± 033 87.i0* ± 1.87 96.62#*.M2 
0125 ]02.12# ± 1.31 M1.76# ± 0.23 83.41# ± 1.13 96.19# ± 0.40 
0.150 95,52# ± 0.79 141.50* ± 0.52 78.62* ± 0.59 95.11* ±0.41 
Soluble and immobilized p galactosidase (2.0U) was independently incubated wich increasing concentrations of pepsin/trypsin (0.025-O.I50nigniL-') in 0.1 M sodium 
acetate buffer. pH 4.6 for 4 h at 37 C. The activity of the enzyme without pepsin/trypsin treatment was considered as control (lOOX) for the calculation of remaining percent 
activity. The aaivity of the enzyme was determined as descrit«d in the text. The values of soluble and inwwbiliied 0 galactosidase treated with trypsin/pepsin at various 
concentrations were analyzed by one-way ANOVA. #. denotes that the values (P< 0.05) were statistically significant:'. the values of soluble and immobilized B galactosidase 
treated with trypsin/pepsin which is close to control values are not remarkably significant. 
4. Discussions 
In order to immobilize enzyme on the large surface area of cal-
cium alginate gel. a hybrid gel of calcium alginate-starch has been 
developed. These gel beads were layered with Con A by using jack 
bean extract. In order to make the preparation useful for the human 
consumption, without any side effects we have immobilized gly-
cosylated 3 galactosidase from A. oiyzae on the surface of Con A 
layered calcium alginate-starch beads. Alginate has been the most 
widely used polymer for the immobilization and microencapsula-
tion of enzymes and cells (Funduenanu et ^1.. 1999; Velten et al.. 
A999; Prashanth and Mulimani, 2005). The leaching of the enzyme 
from support tould be prevented by crosslinking the immobi-
lized enzyme with glutaraldehyde (Table 1). Crosslinking of the 
enzyme with glutaraldehyde improved both bindinjt efficiency and 
reusability of the immobilized enzymes but the enzyme activity 
was decreased (Hennink and Nostrum, 2002; Haider and Husain, 
2007b). 
If immobilized p galactosidase would be given orally to remove 
the lactose deposited in the lumen of small intestine, it has to pass 
through mouth, stomach and then to the intestine. Therefore, the 
examination of stability of immobilized enzyme against a amylase 
is necessary due to presence of starch in the support. The effect of a 
amylase showed that immobilized enzyme was not much affected 
by the presence of a amylase (Fig. 2). Immobilized j i galactosi-
dase was significantly more stable on exposure to salivary amylase. 
Approximately 1 Lof saliva is secreted into the human mouth each 
day by three pairs of salivary glands. Saliva contains many enzymes, 
including salivary amylase, an enzyme which catalyzes the break-
down of starch into smaller molecules (Hirtz et al., 2005). 
Further, the immobilized enzyme has to reach in stomach and 
normalJy food stay there for more than 2 h. Due to extreme con-
ditions of acidic media and pepsin there are chances to lose 
activity by immobilized p galactosidase. Immobilized p galactosi-
dase was found remarkably suble at pH 2.0 and digestion by pepsin 
{Tables 2 and 4). Pepsin is a nonspecific acidic endopeptidase pro-
duced in an inactive precursor form (pepsinogen) in the mucosal 
lining of the yromach of vertebrates (Sun et al.. 2005). Here, immo-
bilized p galactosidise was not affected much by this protease. 
It showed a marginal loss of nearly 5% activity when exposed to 
pepsin (0.150 mg mL-^) for 1 h at 37 "C 
Immobilized p galactosidase retained remarkably very high 
reusable activity at pH 2.0.7.4 and 4.6. Immobilized enzyme was 
quite stable over prolong storage in these buffers (Tables 2 and 3). 
Furthermore, immobilized p galactosidase wil l enter into small 
intestine where itmeets the conditions of pancreaticandbilejuices. 
Pancreatic juice contains proteolytic enzymes: chymotrypsin. 
trypsin, etc. and bile juice make the medium towards slightly alka-
line. Immobilized p galactosidase has shown significant stability 
on long storage in the buffer of pH 7.4 (Table 3) and digestion by 
trypsin (Table 4). The activity of immobilized p galactosidase was 
constant to exposure over a wide range of trypsin (Table 4). Trypsin 
is a proteolytic enzyme present in the intestine (Hinsberger and 
Sandhu. 2004). The trypsin present in the intestinal fluid can inac-
tivate 3 galactosidase in strains of Propionibacteriumyreudenreic/iii 
but not in Propionibocterium addipropionic (Zarate et al., 2000). 
P galactosidise immobilized on the surface of Con A layered 
calcium alginate-starch beads could be used for the hydrolysis 
of lactose present in the lumen of small intestine. Kim et al. 
(1999) showed lipid vesicle assisted lactose hydrolysis in which the 
entrapped p galaaosidase is added to milk and is released into the 
stomach by the presence of bile salts, altowing an 'in situ' degra-
dation of lactose. Numerous methods of enzyme entrapment in 
liposomes have already been reported (Walde and Ichikawa, 2001). 
But the choice of an encapsulation method is a difficult compromise 
between efficiencyand preservation of catalytic activity (Monnard, 
2003; Nogales and Lopez, 2006). 
Immobilized p galactosidase retained 6S% activity after sixth 
repeated use (Fig. 3). The high cost of some of the enzymes used for 
industrial purposes and the time necessary for their immobilization 
and their subsequent use. have led to the increase in interest in the 
possibility of reusing the immobilized preparation (Melgarejo et 
al., 2006). Enzyme reuse provides a number of cost advantages that 
are often an essential prerequisite for establishing an economically 
viable enzyme caulyzed process (Norouzian. 2003). Thus we have 
tried to focus on the aspect that if the enzyme immobilized on the 
surface of beads wert- taken orally as a drug it wi l l greatly help in 
reducing the problem of lactose intolerance. The size of these beads 
is spherical in shape which would remarkably help in the hydrolysis 
of lactose as they car easily reach near to the lumen of the small 
intestine and would help in the hydrolysis of lactose. 
5. Conclusion 
Con A layered calcium alginate-starch beads bound p galactosi-
dase has large surface area and the enzyme present on its surface 
can make easy contact with more substrate, p galactosidase bound 
to the surface of calcium alginate-starch beads has no problem of 
substrate and product diffusion as it has been reported in case of 
microencapsulated and entrapped enzyme, (mmobiiized enzyme 
exhibited significantly higher activity and stability at different pH. 
This immobilized enzyme preparation was found to be remark-
ably stable against the inactivalion mediated by u amylase, pepsin 
and trypsin. Immobilized p galactosidase also retained very high 
r. Haider. Q. Husain/lncernational Journal of Pharmaceutics 359 (2008) 1-6 
activity on its repeated uses. On the basis of ttiese findings one 
can suggests that such immobilized enzyme preparation could be 
simply employed for the hydrolysis of lactose in lactose intolerant 
patients. 
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A B S T R A C T 
Calcium alginate entrapped p galaaosidase preparations were used for the hydrolysis of lactose from 
solution, milk and whey in batch processes as well as in continuous packed bed columns. The efficiency 
of columns, containing calcium alginate entrapped soluble and crosslinked concanavalin A complex of 3 
galactosidase was examined at various flow rates at room temperature 32 ^ C. for the continuous hydrolysis 
of 0.1 M lactose for over 2 months. From the kinetic study the Michaelis constant (ffm) were found to be 
2.51 mM and 5.18 mM for the free and immobilized p galactosidase. respectively. The V^tx for the soluble 
enzyme and immobilized preparation was 4.8 x 10"* mol/min and 4.2 x 10"* mol/min. respectively. Fur-
thermore, we found that entrapped crosslinked Con A-0 galactosidase was more efficient in the hydrolysis 
of lactose present in milk (77X) and whey (86*) in batch processes as compared to the entrapped soluble 
3 galactosidase. 
© 2008 Elsevier B.V. All rights reserved. 
1. Introduction 
Enzymatic hydrolysis of lactose is an important biotechnologi-
cal process because the hydrolyzed products can be consumed by 
lactose maldigesters [1]. The enzyme p-D-galactosidase galacto-
hydrolase (|3 galactosidase, E.C.3.2.1.23 lactase) hydrolyzes lactose 
into glucose and galactose (2). There are basically two different 
ways to use ^ galactosidases. The soluble enzyme is normally used 
for batch processes while the immobilized form lends itself to con-
tinuous operation |3]. Despite the high cost of enzyme attachment, 
immobilized p galactosidase systems remain more economically 
feasible than free enzyme systems, as these processes may be per-
formed continuously and offer the possibility of reutilizing the 
enzyme [4). Various types of supports and techniques have been 
used for p galactosidase immobilizations and their applications 
15]. Reactors such as fluidized fixed bed, hollow fibre, plug flow, 
capillary bed and rolled membrane all containing immobilized p 
Abbreviations: Con A, concanavalin A; ONPC, o-nitrophenyl P-D-
galactopyranoside; Km, Michaelis constant; V,,^^. maximum velocity; £„,- molar 
extinction coefficient. 
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E-mail addresses: qayyumbio@rediffmail.com. qayyumhusain@yahoo.co.in, 
quayyum.husain®nrtaiUmu^c.in (Q, Husain). 
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galactosidases have been reported for lactose hydrolysis (6.7J. Var-
ious p galactosidases has also been immobilized on supports such 
as cotton, alumina, silanized porous glass, phenol formaldehyde 
resin, corn grits. Sepharose 4B and fructogel derivatives 18-10]. 
Membrane reactors often lower enzymatic activity in comparison 
to the use of soluble enzyme in batch reactors [7]. Other researchers 
have studied the behavior of soluble enzymes in hollow fibre reac-
tors and have proposed kinetic models considering an equilibrium 
constant of adsorption jl l ]. It has also been seen that the enzyme 
adsorbed reversibly onto the hollow fibre membrane suffered con-
formational changes [12|. In many of these cases the result has 
been considerable reduction in enzyme activity as well as binding 
capacity. In addition many of these supports are very expensive, 
mechanically poor in terms of rigidity, hardness and flexibility and 
also subject to microbial attack 113]. The process for immobiliza-
tion should be mild enough so that during immobilization enzyme 
would notgetdenatured. Immobilization hasgreatpotential in food 
bioprocessing and has been widely used for hydrolysis of lactose in 
milk, milk products and whey. The use of packed bed reactors in 
biological processes would allow the application of new method-
ologies to transform an environmental problem, such as permeate 
whey elimination of dairy industries, in a commercial affair (14]. 
The choice of lactose hydrolysis in batch and continuous mode 
depends primarily on the enzymatic characteristics and the eco-
nomics encompassing thp production, storage and reusability (15j. 
P^^ST^^ '^^ p^^^S^Si? 
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In the present paper reactor efficiency and operational stabil-
ity both in terms of continuous and batch processes have been 
studied by taking an inexpensive support of Con A and calcium 
alginate. The purpose of our present work is to set up a large-
scale model for the industrial application of hydrolyzing milk and 
whey. 
2. Materials and methods 
2.i. Materiais 
Aspergillus oryzae p galactosidase (3.2.1.23) and lactose were 
obtained from Sigma Chem. Co..(St. Louis. MO. USA). Sodium algi-
nate was the product of Merck. India. Jack bean meal was purchased 
from DIFCO (Detroit. USA). Whole milk was purchased from local 
dairy industry. All other chemicals and reagents used were of ana-
lytical grade and were used without further purification. 
2.2. Preparation ofal^nate beads 
The soluble and crosslinked Con A-|3 galactosidase complex 
were mixed independently with 5.0% aqueous sodium alginate 
solution and added drop wise to a stirred solution of 0.2 M CaC^ 
prepared in distilled water. A 5.0-mL syringe with attached needle 
number 20 was used for the preparation of calcium alginate beads 
2.3. Hydrolysis of lactose using packed bed columns 
Calcium alginate entrapped crosslinked Con A-^ galactosidase 
(1525U) was packed in a (2.0cm x 10cm) column. A column of 
similar dimensions containing alginate entrapped soluble (3 galac-
tosidase (1500 U) was also prepared. The packed volume of the 
column was 8 mLLactose (0.1 M) dissolved in 0.1 M sodium acetate 
buffer; pH 4.6 containing 0.001 M sodium azide was passed through 
both the columns at different flow rates at room temperature 
(32 C). 
2.4. Assay offi galactosidase 
P galactosidase activity of the enzyme was determined by mea-
suring the release of o-nitrophenol from ONPG (o-nitrophenyl 
P-D-galactopyranoside) at 405 nm. The reaction was carried out in 
a total volume of 2.0 mL containing 1.7 mL of 0.1 M sodium acetate 
buffer. pH 4.6.0.1 mL suitably diluted enzyme and 0.2 mL of 20 mM 
ONPG at 32 X for 15min. The reaction was stopped by adding 
2.0 mL 2.0N sodium carbonate solution (15). 
One unit of P galactosidase activity is defined as the 
amount of enzyme that liberates LOjimol of o-nitrophenol 
(£m -4500 Lmol"' cm-') per min under standard assay conditions. 
2.5. Glucose estimation 
An appropriate amount of p galactosidase treated lactose, suit-
ably diluted with 0.5 M phosphate buffer at pH 7.0 was taken. The 
hydrolysis of lactose was estimated by using solution C Solution C 
was prepared by taking 5 mg of glucose oxidase. 1 mg of peroxidase 
dissolved in 5.0 mL of 0,1 M potassium phosphate buffer. pH 6.1. 
15 mg o-dianisidine HCI prepared in 2.5 mL of distilled water and 
40 mLglycerol (20X). Solution C. 1.5 mL was added in all assay tubes. 
The test tubes were again incubated at 37 °C for 15 min and the reac-
tion was stoppedby adding 1.0 mL of 6.0N HCI and developed color 
was measured at 540 nm 115]. 
2.6. Lactose hydrofysis in batch process 
Lactose solution (500 mL. 0.1 M) was independently incubated 
with (400 U) of soluble p galactosidase. entrapped Con A-p galac-
tosidase complex and crosslinked Con A-p galactosidase. Each 
mixture was stirred continuously in water bath at SC'C and 60 C 
The aliquots from the reacting mixture were taken at different time 
intervals up to 10 h and assayed for the analysis of glucose by using 
glucose oxidase-peroxidase assay procedure described in Section 
2.5115]. 
2.7. Hydroiysis of milk by P galactosidase in batch process 
The milk was sKimmed by centrifuging the cold milk at 8000 x g 
for 20 min. The fat layer was removed from milk and stored at 4 C 
for further use. Skimmed milk (500 mL) was treated with p galac-
tosidase (1000 U) in a batch process at 32 "C. The aliquots of 250 \LI 
were taken out at indicated time intervals for 12 h. The hydrolysis 
of lactose was estimated by assay procedure described in Section 
2.5|15|. 
2.8. Hydrolysis of whey by ^ galactosidase in batch process 
The milk was skimmed by centrifuging the cold milk at 8000 x g 
for 20 min. The fat layer was removed and whey was prepared from 
the skimmed milk by acidifying with HCI until the pH reached 
4.8.The casein was removed by centtifusation. Prepared whey was 
stored at 4 "C for further use 117). Whey (500 mL) was treated with 
p galactosidase (400U) in batch process at 32°C. The aliquots of 
250 p,L were taken out at indicated time intervals for 12 h. The 
hydrolysis of lartose was estimated by assay procedure described 
in Section 2.5 [15]. 
2.9. Protein estimation 
Protein concentration was determined by the dye binding 
method [ 18 ]. Coomassie brilliant blue G-250 (100 mg) dye was dis-
solved in 50 mL of absolute alcohol by shaking till all dye went into 
the solution. To this 100 ml. of 85* orthophosphoric acid (v/v) was 
added and the final volume was made up to 1.0 L with distilled 
water. The dye was filtered through Whatman no. 1 paper before 
use. 
To 1 mL of the protein solution 5mL dye solution was added 
and the color intensity was recorded at 595 nm after 5 min against 
an appropriate blank prepared similarly without protein. BSA was 
taken as standard protein. 
2.10. Statistical analysis 
The data expressed in various studies was plotted using Sigma 
PIot-9 and expressed as S.E. (±). Each value represents the mean 
for three independent experiments performed in duplicate, with 
average standard deviation <5%. 
3. Results and discussion 
3.1. Determination of kinetic constants 
The Michaelis constant (Km) and maximum velocity (l/max) were 
calculated from Lineweaver Burk plots (Table 1). It is interesting that 
Vnux is affected less than Km upon immobilization. The change in 
the affinity of the enzyme for its substrate is caused by lower affinity 
of the substrate to the active site of the immobilized enzyme [19]. 
Due to the entraprnent of crosslinked Con A-p galactosidase K^ 
'i hi IMUT if I i-r^ I i^/: -'^^— 
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The scheme of reaction mechanism can be atpressed as; 
es E H- Gl + Ga 
Ic - i 
Ga 
HGa 
value has been increased as compared to soluble (J galactosidase. 
However, VRUX values for the free and immobilized enzyme showed 
that there are no conformational changes in the enzyme during 
immobilization. 
3.2. Lactose hydrolysis 
Figs. 1 and 2 illustrate continuous hydrolysis of lactose (500 mL, 
0.1 M) solution by soluble entrapped p galactosidase. entrapped 
Con A-p galactosidase and entrapped crosslinked Con A-p galac-
tosidase for 10 h in batch mode at SCC and 60 "C. It was observed 
that at 50 C the rate of hydrolysis of lactase by entrapped soluble p 
galactosidase was 64^ after 1 h whereas entrapped Con A-P galac-
tosidase and entrapped crosslinked Con A-p galactosidase showed 
46% and 33X hydrolytic activity, respectively. This explains the fact 
that entrapped soluble p galactosidase was more accessible for the 
hydrolysis of lactose but after prolonged time interval the rate of 
hydrolysis of lactose decreased much faster. This was partially due 
to product inhibition [14,19,20]. 
Tabic 1 
Influence of immobilization process on kinetic constants 
DerivativB /frnCniM) Vm X io-< (mol/min) 
Soluble p gaUctosItUse 
Entrapped crosslinked Con A-^ galactosidase 
2.51 
5.18 
4.8 
42 
where E is P galactosidase; S is lactose: ES is enzyme-substrate 
complex (p galactosidase-lactose complex); CI is glu-
cose; Ga is galactose: ECa is enzyme-product complex (P 
galactosidase-galactose). As reported by Haider and Husain [16], 
Kj^  =Kj{l+lSloJfni) which showed that a lower value for Kj 
denotes stronger inhibition [151 hence entrapped crosslinked Con 
A-p galactosidase is most efficient to perform lactose hydrolysis at 
an industrial scale. There were less chances of product inhibition in 
case of entrapped crosslinked Con A-p galactosidase as compared 
to soluble p galactosidase. However, this preparation would be sig-
nificantly useful for the continuous process as there would be less 
chances of galactose inhibition. Entrapped soluble p galactosidase 
hydrolyzed lactose maximally to 77% in 3 h whereas entrapped Con 
A-P galactosidase and crosslinked Con A-P galactosidase showed 
88% and 95* conversion of lactose after 4 h and 5 h. respectively. 
As the temperature optima of the soluble and immobilized p 
galactosidase preparation were at 50 °C as reported by Haider and 
Husain [15], thus the entrapped crosslinked Con A-p galactosidase 
showed maximum hydrolytic activity at this temperature [21 ]. At 
e C C the rate of hydrolysis of laaose decreases, the entrapped 
soluble p galactosidase showed 69% hydrolytic activity after 
2h whereas, entrapped Con A-p galactosidase and entrapped 
crosslinked Con A-p galactosidase showed 73% enzymatic activity 
after 3 h and 84% enzymatic activity after 4h, respectively. Asimilar 
behavior was seen when lactose was hydrolyzed at 37 "C in batch 
mode [15]. It was noted that 89% of lactose was hydrolyzed after 
3h which further showed no change as the time was increased 
while in this c^se the rate of hydrolysis considerably increased 
to 95% after 5 h As crossllnking of p galactosidase decreases the 
accessibility of the substrate therefore entrapped crosslinked Con 
A-p galactosidase took longer duration to hydrolyze lactose into 
glucose and galactose. Thus it showed that entrapped crosslinked 
4 5 6 7 
Time (h) 
10 11 
Fig,l. Hydrolysis of lactose by soluble and immobilized preparations of ^  galactosi-
dase at 50 C in batch mode. The symbols show alginate entrapped crosslinked Con 
A-p gaUctositlase complex (•); alginate entrapped Con A-p galactosidase complex 
i~): and entrapped soluble p galactosidase (•). Bars indicate the standard deviation 
from duplicate determinations. 
4 5 6 7 
Time (h) 
10 11 
Fig. 2. Hydrolysis of lactose by soluble and immobilized preparations of ^  galactosi-
dase at 60-C in batch mode. The symbols show alginate entrapped crosslinked Con 
A-p galactosidase complex (•): alginate entrapped Con A-fi galactosidase complex 
(v): and entrapped soluble ^  galactosidase (•). Bars indicate the standard deviation 
from duplicate determinations. 
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Tdble 2 
Lactose hydrolysis in continuous process 
Number ofdays 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
• Laaose liydrotysis (*) in 
lOmLh-' 
Entrapped soluble 
fl galactosiciasL' 
100 
96.0 ±1.21 
96.0 ±1.43 
96.0 ±1.22 
94.2 ±1.65 
90.0 ±1.75 
87.0*1.87 
80.2 ±2.11 
73.1 ±3.21 
61.34±1.'J9 
50.0 ±2.22 
39.2 ±2.11 
10.1 ± 1.45 
continuous packed bei 
Entrapped 
crosslinkedCon 
A-[igaljcto.sidasc 
100 
91.0±1.45 
91.0 ±1.43 
91.0 ±1.09 
91.0 ±1.32 
91.0 ±1.22 
91.0 ±1.65 
91.0 ±2.11 
90.45 ±2.56 
88.7 ± 1.87 
88.2 ±2.13 
87.4 ±3.44 
65.2 ±1.21 
columns at different flow rates 
20mLh-' 
Entrapped soluble 
H galactosidase 
100 
90.0 ± 1.45 
90.0 ±1.44 
90.0 ±1.23 
86.2 ± 1.34 
83,4 ±1.54 
75.4 ±1.87 
70.5 ±1.43 
64.3 ± 1.32 
57.0 ± 1.34 
48.1 ± 1.55 
33.0 ±1.44 
28.7 ±2.22 
Entrapped 
crosslinked Con 
A-^ galaciosiddse 
100 
87.0 i:± 1.22 
87.0 ± U 1 
87.0 ±1.44 
87.0 ± 1.32 
86.9 ± U 3 
87.0 ± 1.65 
87.0 ±1.65 
86.5 ± U3 
85.6 ±1.38 
84.2 ± 1.22 
82J ± 1.56 
80.0 ± U 2 
30mLh-' 
Entrapped soluble 
P galactosidase 
100 
85.0 ±1.54 
S5.0±1.22 
843 ±1.56 
83.0 ±1:22 
82.5 ±1.45 
76.0 ±2.58 
64J ± 1.65 
60.4 ±2.43 
53.D±2.32 
42.2 ±1.67 
31.0 ±1.43 
2532 ±259 
Entrapped 
crosslinked Con 
K-^ galutotidase 
100 
81.2 ±132 
' SI .1± 1.54 
81.0 ±1.65 
81.0 ±1.87 
81.2 ±1.54 
81.0 ±23 
81.0±3.2 
79.1 ± 1.94 
793 ±1.65 
77.1 ±2.87 
77,0 ±321 
77.0 ±3.70 
Con A-P galactosidase was more suitable for lactose hydrolysis on 
prolong incubation. Enzyme activity of p galactosidase decreased 
substantially at temperature higher than 50 C [14] therefore 
lactose-hydrolyzing activity decreased at 60 C. 
complexing with Con A and crosslinking with glutaraldehyde fol-
lowed by entrapment into calcium alginate beads appears to be a 
useful immobilization procedure for the continuous production of 
lactose free whey and milk. 
3.3. Lactose hydrolysis in packed bed cofuTTin 
The rate of lactose hydrolysis was seen at different flow rates 
by taking entrapped preparations of soluble p galactosidase and 
crosslinked Con A-p galactosidase. It was seen that the maximum 
hydrolysis occurred at the flow of lOmLh"' while the hydrolytic 
rate decreased at 20mLh-' and 30mLh-i (Table 2), It was due 
to the residence time of lactose inside the column containing 
entrapped preparations of 3 galactosidase. At lOmLh"' greater 
percent of lactose was hydrolyzed inside the column whereas, 
the hydrolytic rate reduced considerably when the flow rate was 
increased. It was seen that 96* of lactose was hydrolyzed by solu-
ble entrapped p galactosidase and 91* of lactose was hydrolyzed 
by entrapped crosslinked Con A-P galactosidase. This was due 
to more accessibility of substrate in the entrapped preparation 
of soluble p galactosidase but it was seen that after 1 month 
the activity decreases to 87* and after 2 months the activity 
was reduced to only 30%. However entrapped crosslinked Con 
A-p galactosidase showed 86* lactose hydrolyzing activity after 
2 months of continuous lactose hydrolysis. Similarly at 20 mLh"' 
and 30mLh~' entrapped soluble p galactosidase exhibited nearly 
29* and 25* activity, respectively after 2 months whereas the 
entrapped crosslinked Con A-p galactosidase retained 80* and 77* 
activity under similar experimental conditions. Sodium alginate 
has proved to be an efficient polymer for the immobilization of 
enzymes, cell organelles, microorganisms, plant and animal cells 
122,23]. It was seen that the substrates could diffuse freely in and 
out the gel beads without being disturbed by the pores in the gel 
beads 124). But this property has turned out to be a draw back as far 
as immobilization of enzyme is concerned. Due to the high poros-
ity of alginate beads, the entrapped enzymes were leached out of 
the polymer matrix. In order to circumvent this leaching problem 
of the enzymes from the polymeric matrix several efforts has been 
made but the cost of the processes always restricted their appli-
cations 125,26]. In order to prevent the leaching of the enzyme 
from the calcium alginate beads, an insoluble Con A complex of 
P galactosidase has been prepared by using a simple extract of 
jack bean seeds [ISj. However, in view of the stability offered by 
the entrapped crosslinked Con A-p galactosidase together with the 
high porosity and excellent flow properties of the alginate beads. 
3.4. Lactose hydrolysis/rom milk/whey in stirred batch processes 
The hydrolysis of lactose from milk and whey was monitored 
by sampling at regular time intervals for 12 h at 32"C (Table 3). 
It was noted that after 1 h, the rate of hydrolysis by entrapped 
soluble P galactosidase was 54* in whey and 45* in milk while 
entrapped crosslinked Con A-p galactosidase showed slightly less 
hydrolysis of lactose in whey and milk, 43* and 36*, respectively. 
However. 86* and 77* lactose from whey and milk was hydrolyzed 
after 3 h of incubation by entrapped crosslinked Con A-P galactosi-
dase, respectively while the 69* and 54* lactose was hydrolyzed 
in whey and milk by entrapped soluble p galactosidase. respec-
tively. There was no further increase in the hydrolysis of lactose 
up to I2h. Panesar et al. [27] have earlier demonstrated that 88* 
of lactose hydrolysis in milk was achieved after 3 h of incubation 
with permeabilized yeast cells containing p galactosidase activ-
ity. Lactose hydrolysis by lactozym immobilized on cellulose be^ds 
Cook 48 h in continuous batch mode as shown by Roy and Gupta 
117]. The rate of hydrolysis of lactose in whey and milk was depen-
dent on the activity of P galactosidase which in turn depends on 
the reaction conditions like concentration of enzyme, pH. tem-
perature and processing time (28]. Therefore, higher percent of 
lactose hydrolysis was seen in whey as compared to skimmed 
milk. As the pH of whey ranges from 4.5 to 5.0 whereas, the 
pH of milk ranges from 6.5 to 6.8, p galactosidase showed lOO* 
activity at pH 4.6 but its activity considerably decreases at pH 
7.0. Due to this reason 1000 enzyme units (U) have been used 
up in this case of skimmed milk (Table 3). p galactosidase from 
Kluyveromyces fragilis has the potential to convert whey perme-
ate containing 5* of lactose at 35°C, pH 7 into lactose 96* in 48 h 
[4]. Hydrolyzed whey protein based formulas are beneficial for 
infants intolerant to cow's milk protein [29]. In view of the high 
lactose hydrolyzing activity offered by entrapped crosslinked Con 
A-p galactosidase, it is suggested that this preparation could suc-
cessfully be employed in a reaaor. The reusability experiments 
done earlier have further supported that crosslinked Con A-p 
galactosidase complex did not leach out of the gel beads [16J 
therefore such preparations could be exploited for the continuous 
conversion of lactose from milk or whey for longer durations in a 
reactor. 
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Table 3 
Enzymatic hydrolysis of lactose in milk/whey by entrapped j3 galactosidase preparations 
Time (mini Lactose hydrolysis (X) 
Milk 
Entrapped soluble 
3galai-tosidase 
45 1 1,32 
50 ± 122 
54 ± 1.11 
54 ± 1.09 
54 ± 1.67 
54 ± 1.56 
54 i 1.32 
54 ± 1.54 
54 ± 1.32 
54 i 1.21 
54 ± 1.2] 
54 ± 1.60 
Entrapped 
crosslinked Con 
A-f} galactosidase 
whey 
Entrapped soluble 
|3 gaUctosldase 
Entrapped 
crosslinked Con 
A-0 galactosidase 
36 i. 1.56 
63 ± 1.45 
77 ± 1.99 
77 ± 1,78 
77 ± 1.32 
77 ± 0,99 
77 ± U 4 . 
77 i 1.32 
77 i 1,22 
77 ± l.ll 
77 i l.II 
77 ± 1.62 
54 ± 1.23 
61 ± 1.45 
69 ± 1.23 
69 ± 1.65 
69 ± 1,22 
69 ± U l 
59 ± 1.45 
69 i 1.27 
69 ± 1.32 
69 ± 1.54 
69 ± 1.23 
69 ± 1,09 
43±] .S8 
70 ±1.23 
86 ± 1.01 
86 ± 1.23 
86 ± 0.98 
86 ±1.65 
86 ± 1.26 
86 i 1.11 
86 ± 1.23 
86 ± 1.56 
86 ± 0,98 
86 ± 0,76 
4. Conclusion 
Entrapped crosslinked Con A-p galactosidase offered high sta-
bility against several physical and chemical denattirants. This 
immobilized enzyme preparation was found to be more superior 
in terms of immobilization yield and retention of enzyme activ-
ity both in continuous and batch processes. Here, results have 
shown that entrapped crosslinl<ed Con /^ -fJ galactosidase prepara-
tion could successfully be employed in a reactor for the continuous 
conversionof lactose present both in milk and whey. The reusability 
experiments done earlier have further supported that crosslinked 
Con A-P galactosidase complex did not leach out of the gel beads: 
therefore such preparations could be exploited for the continuous 
conversion of lactose from milk or whey for longer durations in a 
reactor. 
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